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1.0 I ntroduction

NASA Goddard Space Flight Center (GSFC) is partnering with the Department of
Energy (DOE), NASA Mashdl Space Hight Center, Stanford University’s Linear
Accderator Center, Stanford Universty, the Nava Research Laboratory, Universty of
Cdifornia, Santa Cruz, the Univerdty of Alabama, and severa foreign partners to
peform the Gamma-ray large area Space Tdescope (GLAST) misson. The ingdruments
aboard the GLAST Observatory will detect and investigate the direction, energy, and
arivad time of gamma rays and gamma ray burs events. GSFC has the responsbility for
ovedl project management, including procuring the Spacecraft and support services to
meet the misson requirements as pecified herein.

This Statement of Work (SOW) defines the contractor’s efforts required in support of the
GLAST Misson, which include providing a qudified spacecreft, integrating the Large
Area Teescope (LAT) and GLAST Burst Monitor (GBM) instruments (provided as
Government  Furnished Equipment (GFE), conducting an observatory level verification
testing program, and supporting launch and activation.

The GLAST Observatory will be launched from the Cape Canaverd Air Force Station,
Florida, by 2006, on a Government-provided Launch Vehicle (LV). The peformance
and interface requirements for the GLAST spacecraft are provided in Section 3.0
“Contract Documentation”.

2.0 Scope

The contractor shal furnish al necessary personnd, facilities, services, and maerids to
design, faoricate, integrate, test, and support launch and activation activities for the
GLAST Observatory under this Ddivery Order (DO). This work shal be performed in
accordance with the requirements of this document and al atachments to the GLAST
DO.

In accomplishing the devedopment and ddivery of the GLAST Obsavatory, the
contractor shdl:

1. Provide aqualified Spacecraft, per the GLAST requirements.

2. Receivethe LAT Ingrument, GBM Instrument, and related Ground Support
Equipment (GSE), then integrate the instruments with the Spacecraft and perform
Obsarvatory leve testing.

Provide all required Spacecraft and Observatory mechanica and dectrical GSE
Have the appropriate licenses and be cgpable of receiving, handling, and storing
al Gamma radiation sources necessary for GBM testing during I&T. The offeror
shdl work with the GBM instrument team to define the necessary tests and
radioactive test sources, and perform al activities required to handle those
SOurces.

5. Peform combined Obsarvatory testing, ground system compatibility testing,

~w
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gpace segment compatibility testing, and pre-launch end-to-end testing with
GSFC personne and support from LAT ingrument, and GBM instrument
personnel.

6. Dédiver theintegrated Observatory, propellant, and support equipment to the
launch ste.

7. Support the LV mission integration process, launch base coordination and safety,
Observatory and LV checkout, and launch in Government furnished facilities.

8. Provide all support services (e.g. - engineering, management, training, tc.)
associated with launch, on-orbit observatory checkout, activation, and operations
for 60 days.

For the above listed item number 8, contractor-provided support is defined to include
providing test plan comments and review; performing any contractor-provided equipment
set-up required in the execution of the tests, and any other tasks required by this DO. The
government will be directing and managing the tasks.

3.0 Contract Documentation

The documents listed in the Request For Offer, List of Attachments, with the exception of
Attachment G. GLAST Misson Operations Concept Document, apply directly to the
performance of the DO. These documents establish detailed specifications, requirements,
and interface information necessary for the performance of this DO. Attachment G.
GLAST Misson Operations Concept Document is for reference only. Documents listed
in the Request For Offer, Lig of Attachments which identify standards reference the
gpecific standards for compliance.

40 Work to be Performed by the Contractor
41  System Implementation

The effort to produce a specified core spacecraft, with the sdected options, and the
misson-unique modifications required in the DO, shdl result in a product caled the
“Spacecreft”. The effort to integrate and quaify the combined Instruments (conssting of
the LAT and GBM ingruments) and Spacecraft in accordance with the documents
specified in the attachments shdl result in a system called the “Observatory”.

411 Core System

The contractor shall design, develop, implement, test, and quaify a Spacecraft ready for
LAT and GBM ingrument integretion, integrate the LAT and GBM ingruments with the
Spacecraft, qudify the resulting Observatory, support GLAST misson tedts, provide
launch and operations support, and comply with adl GLAST misson requirements in the
documents specified in section 3.0, Contract Documentation.
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4.1.2 Core System Option(s)
Intentiondly left blank.
4.1.3 Mission-Specific Modifications

In order to meet the GLAST Mission requirements, as defined in the attached documents,
the contractor shal modify their Spacecraft (core system), as necessary.

4.2 Non-Standard Services

Intentiondly |eft blank.

4.2.1 Non-Mission-Specific Non-Standard Services
Intentionally left blank.

4.2.2 Non-Misson Specific Hardware

Intentionaly left blank

4.2.3 GLAST Specific Non-Standard Services

The purpose of non-standard services ordered under this section shdl be directly related
to the GLAST misson under the ddivery order. Requirements for the services are
described in the GLAST RFO and DO.

Non-standard services ordered during the GLAST DO may be for the following types of
efforts
a) Specid studies,
b) Andyss,
¢) Anomly Resolution,
d) Services and Faciliies in support of Resdent Offices, as
described in Section 4.2.3.2.

4.2.3.1 Special Studies, Analyses, and Anomaly Resolution

The contractor shdl peform specid dudiestask assgnments reaing to the
development, implementation, characterization, qudification, and operation of the
GLAST Observatory, as authorized by the Government and in accordance with contract
clause I.A.1 - RATES FOR NON-STANDARD SERVICES (modified to included
specid dudies, rates, and ordering procedures for the GLAST misson as specified in
Attachment M).

Additiondly, the contractor shdl peform task assgnments reding to the anayss and
resolution of on-orbit Observatory anomaies as authorized by the Government and in
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accordance with contract clause I.A.1 - RATES FOR NON-STANDARD SERVICES
(modified to included specid sudies, nontflight hardware or software end items (eg.,
engineering modds) rates, and ordering procedures for the GLAST misson as specified
in Attachment M.

4.2.3.2 Resident Office Services and Facilities

The contractor shal provide dedicated office space, phones, furniture, copier(s),
facamile maching(s), computer with Microsoft Office and internet access, and facilities
for three (3) resdent and nine (9) visting NASA and GLAST Project representatives at
goacecraft assembly/test and Observatory integration and test a ther facilities, as
needed, for:

1. Spacecraft manufacturing activities,
2. Spacecraft and Observatory integration and test.

In addition, temporary accommodations shal aso be provided on an as needed basis
during spacecraft manufacturing and Observatory leve integration activities.

These facilities are required to support the government ingght team and the LAT and
GBM ingrument integration and test teams throughout the GLAST DO and may include
both resdent and vigting representatives. The offeror shdl propose a phased plan for
providing these services and services keyed to the program plan and schedule.

4233 Electronic Distribution

To the maximum extent practica, the contractor shdl distribute CDRLs and other
GLAST documentation to the GLAST Project Office dectronicdly and in a format
mutualy agreed upon.

The contractor shal provide a web-based, password-protected, ITAR compliant
capability to facilitate the communication of information between the contractor and the
integrated GLAST Project Team. At a minimum, ddiverable information, including
weekly and monthly technicd and programmetic information (other than cost
information), generated during the GLAST DO shdl be placed on this web-based facility.

4234 Video Conferencing

The contractor shdl provide a video conferencing capability. The contractor shall
conduct videoconferences with the GLAST Project Office and other parties as requested.

4.3 Standard Services

Upon receipt of the GLAST DO, the contractor shdl provide al facilities, services, and
personnd necessary for the successful and on-time implementation of dl of the efforts
necessary to meet the GLAST DO requirements.
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43.1 Program M anagement

The contractor shdl provide a program management function that is responsble for the
control of the GLAST effort. The contractor's Proggam Management function shdl
provide to the Government reporting and near red-time indght into program datus, as
well as technicad and programmatic performance of dl of the contractor's responghilities
performed under the GLAST DO.

The contractor shdl perform various design, study, trade-off and andyss tasks reating
to the devdopment, implementation, characterization and operation of the GLAST
Observatory as necessary.

The contractor shal use their resource management system for planning, authorizing,
and controlling resources and for providing timdy and adequate vighility into
manpower and schedule performance.

The contractor shdl establish, implement, and maintain an integrated scheduling system
consstent with their corporate procedures. The contractor shall provide to NASA
timely updates of the master and detailed program phasing and milestone schedule. The
contractor shal aso provide observatory, spacecraft (subsystem), ingrument (LAT &
GBM) integration schedules.

The contractor shdl provide the necessary resources for monitoring, contralling,
executing, and adminisering the GLAST DO and subcontracts to ensure compliance
with al contractud requirements.

The contractor shdl be responsble for the rapid submisson/negotiation of dl change
order proposas as required by this contract. Refer to CDRL, Enginearing Change
Proposals, Deviations and Waivers.

The items and services acquired under this DO ae required to include accurate
processng of the date and date-related data (induding but not limited to cdculating,
comparing, and sequencing) by al hardware and software products delivered under this
DO, individudly and in combination, upon inddlation.

The contractor shal implement appropriate management systems that prevent the
improper dissemination of government-provided competition sendtive and/or proprietary
information.

4.3.1.1 Quality Management System

The contractor shdl mantan and adhere to a Qudity Management System tha is
compliant with the minimum requirements of ANSI/ISO/ASQ Q9001. Certificates
issued to 1SO 9001: 1994 will have a maximum vdidity of 3 years from the publication
of ANSI/ISO/ASQ Q9001:2000.
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43111 Quality Assurance Requirements

The Spacecraft Misson Assurance Regquirements (MAR), Attachment D defines
supplementa requirements that shal apply to the DO.

The contractor shal prepare and provide the following documentation as described in the
CDRL(s):
1. Observatory Contamination/Cleanliness Control Plan
2. Non-Conformance Reports
3. GIDEP Alert Responses
4. AsDesigned/As-Built Parts, Materids, Processes, and Lubrications Lists
5. PartsControl Plan
6. Materid Review Board Decisions on Non-Conformances
7. Falure Modes and Effects Analyss and Criticd Items List
8. Probabilistic Risk Assessment
9. Fault Tree Andyss
10. Debris Andysis Report

43112 Pre-Launch Reports

The contractor shal provide falure reports in accordance with company Standards.
However, these falure reports shdl include risk rating of the problem in order to identify
donificant problems/failures. Contractor format, generation, review, dispostion and/or
agoprovad of falure reports will be described in agpplicable procedure(s) included or
referenced in the contractor's Qudity Manud. Generated falure reports shdl be
provided to the government in atimely manner.

43113 Post Launch Reports

Following launch, flight hardware and software anomalies, problems and failures shdl be
reported, in accordance with company standard, until the end of the on-orbit checkout
period. The contractor shall demongtrate proper use of this reporting system prior to the
Fight Readiness Review.

4.3.1.2 Documentation

The contractor shdl develop, produce, ddiver, and maintan al documentation required
by the CDRLs and necessary to implement the GLAST DO. All eforts including the
performance of tests and andyses not otherwise explicitly stated in other parts of this
SOW, but determined jointly by the contractor and the government to be misson
critica, shal be performed and documented by the contractor. All documentation, data,
and andyses generated for, or gpplicable to, the effort, whether forma or informal, shal
be made available to the government upon request at the contractor’ s facility.

The contractor shdl prepare and provide Engineering Change Proposds (ECPs),
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deviations and waivers as described in the CDRL.
4.3.1.3 Reviews

The contractor shdl conduct usud and customay internd reviews, including peer
reviews, and provide for timey reporting of program datus to the Government with
discussons on problem aeas and a timdy trander of technicd information to the
Government, of mgor program milesones.  The following program reviews shdl be
conducted, or supported, to certify Spacecraft or Observatory readiness.(Note: The
Misson Desgn Review in the Rapid 11 Contract has been modified to be two different

reviews. Spacecraft Prdiminary Design Review and Spacecraft Critica Design Review.)

, : Length ,
Review Timeframe (Days) Location
Kick Off Meeting ARO + 1 month 2 Contractor
System Req(quengmts Review ARO + 3 months 2 Contractor
Spa;ecraft Preiminary Design ARO + 8 morths 3 Contractor
Review (PDR)
Spacecraft Criticd Design Review
(CDR) (TBP) 4 Contractor
1 mo. prior to start of
Integration Readiness Review (IRR) 1% Ingtrument 2 Contractor
integretion
. , 1 mo. prior to
Pre-Environmenta Review (PER) ervironmenta tests 2 Contractor
Pre-Ship Review (PSR) 1 wk prior to ship 1 Contractor
10 days prior to
Acceptance Review (AR) Observatory 1 GSFC
handover
Technicd Interface Meetings [ nstrument,
Instrument interface meetings and SC
peer reviews (for ICD development, TBP TBP contractor
resolution of technica issues, fecilities, or
information exchange, etc.) GSFC
Monthly Program Status Review
(MPSR) (held except when amgjor Monthly 1 Contractor
review is scheduled)
Weekly Status Teleconference Weekly 2hour | -----

The government will char dl of the reviews, with the exception of the Kick Off Meeting,
the Sysgem Requirements Review, and the Integration Readiness Review. Each review
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requires a review data package containing appropriate reference documentation for the
review. The minutes and action items that result from these reviews shdl be documented
by the contractor and made available to the government. If any deficiencies are found at
the reviews, the contractor shal be required to develop a corrective action plan for the
deficiencies prior to proceeding with the affected program deveopment. At the
beginning of each review dl action items collected a the previous review, shdl be
presented with the corrective action, or resolution, taken.

The GSFC/Code 301/System Review Office Design Review Program Guidelines can be
found ortline & hitp://arioch.gsfc.nasa.gov/301/html/design.htm

In addition to the above reviews, the contractor shal, a a minimum, provide support to
the reviews/mestings listed below:

. . . Length :
Review/M eeting Timeframe (Days) L ocation
. Alternate
Ground System Interface Working :Sta‘ung Jenuary Contractor and
. 04 thru launch, 2
Group Megtings frequency TBP GLAST MOC
equency contractor
Launch Vehicle Interface Meetings (TBP) (TBP) (TBD)
. - . . ARO + 8
CH-01
Misson Preliminary Desgn Review hs 2 GSFC
: . Each Instrument
Instrument Pre- Ship Reviews TBD 2 provider facility
Mission Operations Review (MOR) L-21 mo. (TBR) 2 MOC, TBD
Operations Readiness Review (ORR) L-6 mo. 2 MOC, TBD
Post- Ship Functiond Verification Prior to moveto 1 Cape
Review pad Canavera, FL
. . . Launch—1 Cape
Hight Readiness Review (FRR) week 1 Canaveral, FL
. : Cape
Launch Readiness Review (LRR) Launch—1 day 1 Canaverd, FL

The LAT contractor is located in Cdifornia. The GBM developer is located in Huntsville,
Alabama.

Misson Operaions Review (MOR): The objective of the MOR is to review the gatus of
the sysem components, including the ground systems and its operaiond interfaces with
the flight systems.
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Flight Readiness Review (FRR): The objective of the FRR is to demondrae that the
Sysem is ready for flight. Ground and space segments must be demondtrated to be
ready. Interfaces must be checked and functiond. All factors must be addressed in
congraints. Open items and waivers must be acceptable.

Operationa Readiness Review (ORR): The objective of the ORR is to demondrate that
the deployed System is ready to perform the misson.  The deployed System must be
demongrated to meet the misson requirements. The Sysem must be proven ready to
trangtion from the developers to the operators. Plans and procedures must reflect actua
performance and operations.

43131 Kick Off Meeting Requirements

The contractor shdl review the plans, schedules, and activities required to meet the
delivery order. It shdl be based on the information detailed in the contractor’s proposa
and updated to reflect any changes snce proposd submission, including the results of any
contract negotiations and changes externd to the DO. A network plan and schedule,
including dacks and criticad paths, for the total effort shdl be basdined a this review and
dl updates shdl be discussed a dl subsequent reviews, including Program Status
Reviews. The contractor shal present the technica proposa to the GLAST project and
ingrument personndl, and conduct afacility tour.

43132 Systems Requirements Review

The contractor shdl conduct a SRR describing how the contractor’'s requirements
process, system engineering, concept for developing the LAT and GBM interface control
documents, concept for accommodating the indrument interfaces, safety, qudity, and
reliability, and overdl progran plan meet the GLAST misson requirements. The
contractor shal provide data for the SRR where misson requirements and subsystem
requirements flow-down will be corfirmed, based on the mini-proposa offered. The
objective of this review is to assure that the objectives and requirements of the item being
designed are understood and that the proposed approach will meet these requirements.
The emphass shdl be on the requirements documented in the SRD, the MSS, the SPS,
the IRDs, and other requirements documents, how they flow down and how they support
the science objectives, and the definition of the mgor sysem interfaces. Detaled
interfaces are to be presented at later reviews.

The completion of the Sysems Requirements Review and the closure of any actions
generated by the review shdl become the basis for the Sart of the detalled design effort.

The desgn of the requirements database shdl be described, including top-down and
ddeways oconsstency between reguirements, (requirement tracesbility), verification of
requirements and the capability of assessng the impacts of requirement changes and
wavers.

The contractor shdl provide, a a minimum, the following data.and information.
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1. Misson overview showing a maure understanding of the misson objectives
and the approaches that will be used to cary out the misson together with
the definition of roles and responghilities

Quantitative estimates for the on-orbit environments

Mission performance requirements alocation and subsystem flow-down

Resource dlocations and margins (telemetry, commands, power, mass, data
storage, processor capability, etc.)

4. Peformance verification gpproach and rationde

5. Spacecraft bus integration and test sequence rationae

6. Observatory integration and test sequence and rationale
7
8

w N

QA program applications, status, issues
. Orbit, orbit maintenance, and flight dynamics andys's
9. Hight operations overview and status
10. Mission ground support equipment (GSE)
11. Misson Operations Training Smulator requirements for approva
12. 1&T software requirements, description, status, verification
13. Hight software requirements, description, development, and verification
plan, (preliminary), satus
14. For each spacecraft subsystem, include
a. Requirements flow-down
b. Performance verification and vaidation approach
c. Dealsof misson specific dements
d. GSE requirements

43.1.3.3 Spacecr aft Preiminary Design Review (SC PDR) Requirements | cH-o1

The contractor shal conduct the SC PDR, prior to the preparation of forma design
drawings. The SC PDR shdl be hed when the desgn is advanced sufficiently to begin
some breadboard testing and /or the fabrication of design modes. Detall designs are not
expected a this time, but sysem engineering, resource dlocations and design analyses
shdl demonstrate compliance with requirements.

CH-01

A presentation of the desgn and interfaces by means of sysem-levd diagrams, block
diagrams, , sgnd flow diagrams, schematics, logic diagrams, error budgets, link margins,
fird inteface circuits packaging plans, configuration and layout sketches, anayses,
modeling and any ealy results are required. Edimates of weight, power, volume (as
goplicable to demondrate that the observatory fits within the launch vehicle) and the
bass for the estimates of these parameters are required. Supporting data and anayses for
mechanical, power, therma, and dectronic desgn: load, dress, margins rdiability
asessments, shdl be shown. Software requirements, design, structure, logic flow
diagrams, Centra Processing Unit (CPU) loading, design language and development
sysems shdl be specified. Parts sdection, de-rating criteria, and radiation hardness, shall
be induded as pat of the SC PDR presentation. The identification of single point falure | cH-01
modes needs to be assessed as well as critica design areas which may be life limiting.

CH-01

The SC PDR shdl include the following items: | cH-o1
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Science/Technicd Objectives, Requirements, Generd Specification
Quantitative Egtimates for the On-Orbit Environments
Closure of action items from SRR
Changes since SRR
Performance Requirements
Error budget determination
Weight, Power, Data rate, Commands, EMI/EMC
Interface Requirements
Instrument accommodations
0. Prediminary ICDs
1. Desgn and andyss of dl GLAST Spacecraft Bus subsystems including, but
not limited to the following:
Mechanica/gructural design, analyses, and life tests
Power, Electricd, thermd, optica/radiometric design and analyses
Software requirements a design;
Preiminary Interface Control Documents (ICDs)
Ground Support Equipment design
System Performance budgets
Guidance Navigation & Control Design and Andyss
Prdiminary Pointing Budget Error Anayss
Safehold Design and Andysis
Command & DataHandling Design
RF Design
Propulsion
. Hight Software Design, Analysis, & Development Process
Mission Operations Training Simulator
12. Spacecraft and Observatory desgn verification, test flow, cdibration and test
plans qudification and environmenta test plans and test flow a the box,
subsystem, and system level
13. Observatory operations concept
14. Misson and ground system operations
15. Launch Vehicleinterfaces and drivers
16. Component ligts and flight heritage
17. Pats sdection, qudification, and Falure Mode and Effects Andyss (FMEA)
plans
18. EEE Parts Checklist
19. Contamination requirements and control plan
20. Quadlity Control, Religbility and redundancy
21. Rdidbility analyses results: FMEA, wordt case analysis, FTA, and PRA
22. Materials and Processes
23. Acronyms and abbreviations
24. Safety hazards identified for flight, range, ground hardware and operations
25. Orbital Debris Assessment
26. De-orhit Strategy

RRO0oO~NOOMWDNE
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27. Pdiminary lig of unique or additiond tedemetry points for monitoring de-
orbit and anomaly resolution

28. Plans for shipping containers, environmenta control and mode  of
trangportation

29. Problem areas and open items

30. Schedules

31. Risk gatus, Andysis, and mitigation

32. Specific Andyss and Margins

Stress and dynamics

L oads determination

Communication links

Thermd flight predictions

Power balance (end-of-life and battery DOD)

Data flow, storage, and loading

Pointing budgets including attitude control Smulation results

Hight dynamics, orbit insertion, maintenance, disposa

Radiation, EMC, ESD, magnetics

Failure mode and effects update

e~ L N N

The completion of the SC PDR and the closure of any actions generated by the review | cH-01
shal become the basis for the dart of the detailed drafting and desgn effort and the
purchase of parts, materials and equipment needed.

4.3.1.3.4 Spacecraft Critical Design Review (SC CDR) Requirements | CH-01

The contractor shal conduct a SC CDR prior to significant procurement or fabrication | cH-01
activities on the Observatory dructure, solar aray deployable sysem, and any other
desgn that is unique to the Obsarvatory configuration. A dgnificant procurement or
fabrication activity may be initiated prior to SC CDR if it is on the schedule critical path
and agreed © by the government. The SC CDR shdl present a find detailed design using
ubgtantialy completed  drawings, andyses, and breadboard/engineering mode
evduation testing to show that the design shdl meat the find performance and interface
gpecifications and the required design objectives. Changes required to the design from
the Sysdems Requirements Review shdl dso be induded. Find cdculaions for
mechanicd loads, dress, torque margins, thermd performance, radiaion design and
expected lifetime are to be presented. Final software requirements, software design, and
updated system performance estimates shal also be presented. Parts selection, de-rating
criteria, and screening results, and the results of the FMEA, FTA and PRA ae to be
presented.

CH-01

At aminimum, the SC CDR shdll cover the following items: | cH-o1

1. Detailed subsystem design & andysis

2. Sysgem Budgets including updates to mass (including fud), power, dignment
budgets or totd system performance, and a DdtaV budget

3. Closure of action items from the SC PDR | cH-o1
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4. Changessince SC PDR

5. Instrument accommodations

6. Spacecraft and Observatory modes, anomaly detection/autonomous response
cgpability and compliance with dl avoidance requirements

7. Traceahility of requirementsto design solutions

8. Risk management items, status, and mitigation plans

9. Pointing accuracy, knowledge, and system jitter andyses

10. Grounding and fusing definitions

11. Identification of gpecid needs such as purge, cleanliness, sensor and instrument
gimulus

12. Completed ICDs (check CDRL)

13. Hight software design, induding high-level description of autonomous repointing
agorithms

14. Find Command & Data Handling architecture implementation

15. Find RF architecture

16. Find implementation plans incduding engineering models, prototypes, flight units,
spares, test and flight harnesses

17. Engineering mode/breadboard test results and desgn margins, as appropriate.

18. Completed find stress and dynamics design andysis

19. Thermd flight predictions

20. Find atitude control system stability analyses

21. Find Guidance Navigation & Control architecture, including relevant de-orbit
architecture

22. Propulsion, indluding relevant de-orbit architecture

23. Guidance, Navigation and Control performance smulations

24. Find Safehold implementation

25. Pointing budgets

26. Qudification/Environmental test plans and test flow a the box, subsysem and
system leve

27. Spacecraft and Observatory Integration and Test Plans

28. Launch vehicle interfaces

29. Contamination Control Plan

30. Observatory Ops concept and Missions Operations Requirements

31. Priminary Commeand and Telemetry Handbook (check CDRL)

32. Reiahility analysesresults: FMEA, worst case andyss, FTA, PRA

33. Mechanicd, Electrica, and GLAST-unique ground support equipment

34. Plans for shipping containers, environmenta control and mode of trangportation

35. Problem areas/Open items

36. Schedules

4.3.1.35 I ntegration Readiness Review (IRR) Requirements

The contractor shdl conduct an IRR.  Successful completion of the IRR shdl result in
concurrence that the Spacecraft peformance is adequate for the beginning of the
Instrument integration process. All procedures required for integration shal be released
or ready for release a the IRR.

CHECK THE GLAST PROJECT WEBSITE AT
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At aminimum, the following information shdl be presented:

agr®ODNE

No

8.
0.

10.

11.
12.

Reaults of the latest Spacecraft comprehensive performance test

Changes snce MCDR

Closure of action itemsfrom MCDR

GSE functiondity

Resolution plans for dl falures, anomdies and mdfunctions encountered during
component and system testing

Remaining open integration issues and their proposed resolution

Readiness to peform Indrument integration (eg. daffing, fadlities, GSE,
procedures, resources, etc.)

Plans to proceed to PER (tests, activities, facilities, resources, schedule, flow)

|& T software readiness and verification Satus

Present a find (as peformed) verification matrix addressng qudification down to
the component level of assembly

Hight software development and verification status

Risk gatus

4.3.1.3.6 Pre-Environmental Review (PER) Requirements

The contractor shal conduct the GLAST PER to review al hardware and software test
configurations, test plans, procedures, facilities and responghilities to ensure that the
environmental  testing will proceed in a controlled manner and that dl the necessary
requirements and procedures are documented and understood. The PER shal be
consdered complete upon satisfactory closeout of PER action items critica to proceeding
with testing.

At aminimum, the contractor shall present the following at the PER:

1
2.

w

No ok

© o

. Cloaure of action items from IRR

The results of the Indrument integration and the daus of the Observatory
development and test

A reolution plan for dl falures anomdies, and mafunctions encountered during
the Indruments' integration

Status against GLAST ICDs and margins

Status of Spacecraft GSE ingrumentation and environmenta test facilities

Review of dl environmenta test plans and procedures

The dealed themd vacuum and thermd bdance test plans showing the
Observatory in the chamber, the hot and cold plates and shrouds, test targets, RF
coupling, test smulators, QCMs, cold finger, planned test profile, tests performed
a the plateaus and trandtions, cleaning and outgassng plan with andyss support
from the Insrument teams

The Observatory phasing (end-to-end polarity) verification plans and satus

The dructurd qudification/acceptance plan, showing the find modd andyses
and coupled loads analyses resuilts.

CHECK THE GLAST PROJECT WEBSITE AT
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10. Definition of the predicted test limits for the components of the Spacecraft and
Instruments (with analys's support from the Instrument teams) for:
a Dynamic Tedting
b. Thermd-Vacuum/Thermd Bdance
11. Veifiction that the planned test environments adequately demondrate the
Observatory performance requirements without presenting a hazard, and without
degrading Observatory performance and lifetime by anadyss to compliance with
the GLAST Specifications and ICDs.
12. The plans to proceed to Observatory PSR (eg. tedts, activities, facilities, staffing,
resources, schedule, flow).

4.3.1.3.7 Operations Readiness Review (ORR)

The contractor shall conduct the GLAST ORR to verify and document that the Observatory,
Instruments, operations system, and flight and ground software are performing in accordance with
the GLAST requirements. The ORR shall be considered complete upon satisfactory closeout of
al ORR action items.

At aminimum, the contractor shall present the following at the ORR:

1. Detailed plans of the launch support (e.g. activities, facilities, staffing, resources,
schedule, and flow).

2. Contractor’s assessment of the readiness of flight operations procedures.

3. Ground network compatibility and Space Network (SN) compatibility RF test results
and open issues with plan for closure.

4. Overview of misson & launch smulations plans.

4.3.1.3.8 Pre-Ship Review (PSR) Requirements

The contractor shall conduct the GLAST PSR to verify and document that the Observatory,
Instruments, operations system, and flight and ground software are performing in accordance with
the GLAST requirements. The PSR shall be considered complete upon satisfactory closeout of dl
PSR action items.

At aminimum, the contractor shall present the following at the PSR:

Closure of action items from PER.

Results of al the environmental tests, end-to-end tests, and the latest Observatory
comprehensive performance test and comparison against requirements.

A resolution plan for dl failures, anomalies, and malfunctions remaining open.
Flight software verification results.

Any remaining open issues under the DO and their proposed resolution.

Shipping plans and documentation status (e.g. shipping lists, manifests, containers,
handling, transport, etc.).

Observatory documentation status (e.g. fina configuration lists, trend data, test reports,
mass properties, system safety plan, life-limited items, equipment logs, cleanliness
certification, and any other necessary documents).

8. Recaiving point plans - arrival time and place, storage, handling, points-of -contact,
mechanical and electrical test plans and procedures.

oOAW NBRF

~N
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9 Deailed plans of the launch support (e.g. activities, facilities, staffing, resources,
schedule, flow).

4.3.1.3.9 Acceptance Review (AR)

The contractor shall conduct a 1 day AR, no earlier than 10 days prior to Observatory
hand-over, to verify and document that the Observatory and its interfaces are performing
in accordance with the GLAST SPS and ICDs, and that dl other requirements under this
DO have been completed. The AR shadl be consdered complete upon satisfactory
closeout of dl critical AR action items.

As aminimum, the contractor shal present the following at the AR:

Results of on-orbit activities.

Closure of action items from ORR

Modifications of flight operations procedures and other documentation.

Status/update of dl configuration managed items.

Status and resolution plan for dl failures, anomdies, and mafunctions.

Observatory documentation satus (eg., nonconformance reports and the
Observatory On-orbit Performance Report).

Any additiond materid/data required to support completion of al contractor
proposed find milestone completion criteria.

ouhhwbdpE

~

4.3.1.3.10 Monthly Program Status Review (M PSR) Requirements

The contractor shal conduct GLAST MPSRs to review project daus in terms of
schedule, technica issues, performance (and margin), manpower, and to identify problem
aress and assgn action items for their solution. To save time and travel, these meetings
should be combined with other reviews, videoconferences, or teleconferences a the
discretion of the Government.  The offeror shdl submit the minutes of these meetings
with a copy of the review handouts as the monthly status report.

The contractor shal present the following information & the MPSR:

Status of work being performed including appropriate metrics.

Detailed gtatus of schedule and integrated project schedule.

Status of project saffing and any shortages.

Milestone Monitoring - The contractor shall report on the status of progress made
toward accomplishing each of his mgor miletones. Each report shdl include a
liging of mgor accomplishments and a discusson of any problems associated with
each milestone aswell astheir resolution.

Status of technical issues and risks.

Changes to design parameters such as mass, power profile, communications, system
performance, etc.

7. Resource dlocations and margins (telemetry, commands, power, mass, data storage,
processor capability, etc.)

AW P

o O
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8. Marginsasafunction of time and design maturity; track the resource againg the
budget

9. Descriptions and status of technica problems and the resolutions.

10. Subcontract  technical performance, manpower resources, schedule, and milestone
gatus.

11. Performance assurance datus including non-conformance reports and failure report
dispositions.

4.3.1.3.11 Weekly Status Teleconference

The contractor shall conduct Weekly Status Tedeconferences throughout the DO. A
Weekly Status Teleconference is not required during the week that a MPSR is held. The
contractor shal address the following topics a aminimum in the teleconferences.

DO activities, plans, and progress againgt those plans.

Review of calendar of upcoming meetings, events, and previous actions.
Communications and Correspondence.

Descriptions and status of technica problems and the resolutions.

Status of technical issues and risks.

Performance assurance datus including non-conformance reports and failure
report disgpositions.

7. Issuesand Action Items.

SukhwdE

4314 Government Insight

All contractor and subcontractor internal data, reviews, audits, meetings and other
activities pertinent to the execution of the contract shal be open to government
review/attendance.  The contractor shal provide the government with reasonable and
timely notification, to facilitate government attendance. Government support contractors
may aso atend these reviews, audits, and meetings at the government’ s discretion.

The contractor shdl ensure that dl information required for the NASA Software
Independent  Verification and Vdidation (IV&V) effort is made avalable to NASA
IV&V pesonned via the GLAST Project V&V Liason. Wherever possble, the
contractor shall permit eectronic access to the required information. The contractor shall
dlow NASA IV&V review and paticipation before fina product ddivery to the
Government.

(Government ingght is defined as gaining understanding necessary to
knowledgeably concur with the contractor’ s action through watchful observation,
ingpection, or review of program events, documents, meetings, tests, audits,
hardware, etc., without approval/disgpprova authority. Where Government
ingght is required, the contractor shal notify the Contracting Officer, the
Government Resident Office or the gppropriate Government operations
organization of meetings, reviews or tests in sufficient time to permit meaningful
Government participation.)

CHECK THE GLAST PROJECT WEBSITE AT
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4.3.1.5 Audit

The contractor shall support government audits of processes, products, documentation
and data in order to provide assurance to the government that the program is being
implemented according to dl reguirements and Specifications The contractor's
documentation of standard policies and procedures compliant to ANSI/ISO/ASQ Q9001
shdl be avaldble for inspection a dl reviews, audits, and meetings a the contractor’'s
fadlity.

4.3.2 Systems Engineering

The contractor shall perform the necessary systems engineering required to ensure that
the spacecraft, options, and modifications meet dl of the performance, interface, and
implementation requirements of the GLAST DO. The sysems engineering effort shdl
comprise the analyss of technica requirements, alocation of derived system, spacecraft
bus, ground sysem, and lower levd requirements, definition and maintenance of
interfaces, verification of al defined and derived requirements, risk management, and
tradeoff andyses. The sysems engineering effort shdl be on-going through dl stages of
the GLAST program, incuding the dlocation of the sysem performance specification,
desgn, development, fabrication, qudification and acceptance testing, launch
operations, post launch checkout, on-orbit anomay resolution, integration into the
science and operationa systems, and misson operations.  The contractor shal perform
a fully integrated sysems engineering management effort, including, but not limited to,
thefallowing:

1. Providing technicd direction and oversight throughout al phases of the program.

2. Supporting reviews as defined in section 4.3.1.3. The support shdl include
responsibility for the preparation of responses to al action items to the contractor
during the reviews.

3. Attending and supporting LAT and GBM instrument reviews and meetings at the

instrument facilities or NASA/GSFC.

Conducting interface working group mesetings

Performing dl necessary system studies, trades, and risk assessments determined

jointly by the contractor and NASA to be necessaty to meet the misson

requirements as defined in the GLAST specifications.

Configuration management;

Risk managemern;

Peer reviews,

End-to-end systems engineering,;

oA

© 0N

4321 Requirements Analysesand Allocations

The contractor shdl conduct complete andyses of the observatory requirements which
fully establish, define, maintain, and control resource alocations. Traceshility of the
requirements flowing down from the SRD and the MSSto lower levels, aswedll asthe
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consstency of the requirements alocated to various subsystemn eements, shal be
established. Budgets shall be established for mass and mass properties, angular
momentum, disturbance torque, power, radio frequency transmisson channdls,
aignment, pointing control, pointing knowledge, pointing stability, on-board processor
resources, and propellant capacities. Margins for each resource shal be established and a
plan for eroding the margin as afunction of time and design maturity metrics for

tracking the resource againgt the budget shall be maintained and reported monthly. The
contractor shdl provide mass and power estimates at the box level which identify
contingency and margins per ANSI/AIAA G-020-1992 "Egtimating and Budgeting
Weight and Power Contingencies for Spacecraft System” or equivaent contractor
system. The contractor shal give rationde and reason for any deviations from
recommended contingencies and margins as specified by the ANSI/AIAA G-020-1992
"Edtimating and Budgeting Weight and Power Contingencies for Spacecraft System,
using the power and budget templates provided in the Attachments as format guides.
Selection of component class shdl be appropriate to the level of development of the
individual component, and is not restricted by the stage of the Program. The contractor
shal maintain appropriately updated index of andyses and dlocations. The contractor
shal make the results of al andyses available for Government review at each
subsequent mgjor program review. Tasksinclude, but are not limited to, the following:

1. Veifying the GLAST operations concepts and perform the launch-to-orbit and
inrorbit mission andyses required to verify the operations of the Observatory.

2. Conducting the andlyses required to confirm the integrity of the GLAST desgn
to ensure the performance requirements of the applicable specifications will be
met over the Observatory specified misson end-of-life.

3. Conducting the analyses required to verify that the spacecraft provides the

interface and environment necessary for the LAT and GBM ingtruments to meset

ther functiond and performance requirements.

Performing and maintaining RF link calculations.

Providing the telemetry and command handbook in accordance with the GLAST

DO.

oA

43.2.2 Interface Definition, Verification and Control

Usng the results of the andyses and dlocations of technica parameters performed in
support of the efforts described in section 4.3.2.1, the contractor shall specify, with
agreement by the government, al intefaces not explictly defined by government
goecifications.  These intefaces shdl then be defined, documented, verified, and
controlled for the duration of the contract, by the contractor and approved by the
governmern.

The contractor shdl prepare a Misson Performance Verification plan in accordance with
the GLAST DO. The contractor shdl document externd Interfaces, Modes, and
Andyss and the Teemery and Command implementation in accordance with the
GLAST DO.

CHECK THE GLAST PROJECT WEBSITE AT
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43221 Instrument Interfaces

The contractor shdl peform sysems enginering and andyss in support of designing,
documenting, and implementing al interfaces between the Spacecraft subsystems and the
Instruments, and Spacecraft GSE-to-Indrument GSE.  This support shdl include the
following:

1. Devdoping, and mantaning configuraion management of, the Spacecraft-
Instrument interface control documents for the LAT and GBM, in accordance with
the CDRL.

2. Addressng LAT and GBM Instrument accommodations and status as part of
each Spacecraft review.

3. Identifying cognizant engineer(s) responsble for the LAT and GBM Instrument
interfaces.

4. Providing technicd support for inteface dedgn, documentation, and
verification.

5. Peforming mechanicd, thermd, dectricd, power, contamination, radiation
shidding, and other andyses as necessary to ensure Spacecraft to Instrument (LAT
and GBM) comptibility.

6. Attend key LAT and GBM reviews prior to Instrument ddliveries.

The contractor shdl build, test, deliver, and integrate dl GBM flight and test harnesses,
as required in the GBM IRD and Attachment L-Deiverables. The contractor shall
document the details of the flight and test harnesses in the Spacecraft-GBM 1CD.

The contrector shal develop, mantain and provide dl technicd and programmatic
documentation required to ensure successful Observatory integration.

The government will supply reduced instrument Thermal Math Models (TMM’s) to the
gpacecraft contractor for use in designing the Spacecraft-Instrument interfaces. The
contractor shal combine the instrument mode with the spacecraft anaytical model to
create a system level Observatory therma model.  The Observatory TMM shall be used
for both the design of the instrument interfaces with the Spacecraft, and to demondrate
compliance with the interface requirements. Additiondly the Observatory TMM shal be
used to provide design thermd andyses for dl misson phasesincduding launch and
ascent, nominal operations, surviva and any other additiona sgnificant Observatory
operating modes.

The contractor shdl create a table of environmental backloads, absorbed hesat loads, and
temperatures with the Observatory mode for didribution to the Instrument teams. The
purpose of this activity is to assure that the two thermd modds are consgent. This
process is iterative and shdl be provided to the instrument teams one month prior to
PDR, CDR, PER, and PSR, per the requirements specified in the Spacecraft Misson
Asaurance Reguirements. The Observatory TMM shdl be used to provide temperature
predictions through every phase of the misson, launch and ascent, nomind ops, surviva
and any additiond dgnificant Observatory modes. Predictions are to be based on  worst
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cae dacking of parameters in bounding the design, eg. Beginning of Life (BOL)
predictions with cold orbitd environments and minimum power disspations, End of Life
(EQOL) predictions with hot orbital environments and maximum power dissipations.

NASTRAN Finite Element Modds (FEMs) of each instrument will be supplied by the
government for use in designing the Obsarvatory. The finite dement modds shdl be in
NASTRAN format and use the SI system of units. The contractor shal combine the
inrument FEMs with the Spacecraft FEM to form a combined comprehensve
Observatory FEM for launch and onorbit configurations, and shal provide the
Observatory FEM to the government for coupled loads andyses by the LV provider.
After completion of the coupled loads andyss, the government will provide the results of
the coupled loads andyss to the contractor. The contractor shall provide to the
government the indrument-related results from the coupled loads andyss.  The
government will then provide appropriate information to the instrument teams rdating to
launch loads.

43222 Observatory to Ground and Space Segment | nterfaces

The contractor shal prepare an Observatory to Ground Station ICD(s) in accordance with
the CDRL. This ICD(s) provides the detals of dl interfaces between the ground sites
used to communicate with the GLAST spacecraft.  The contractor shdl optimize the
Observatory to ground interface to alow for efficient operation of GLAST.

The contractor shall prepare an Observatory to Space Resource ICD(S) in accordance
with the CDRL. This ICD provides the details of al interfaces between the Observatory
and the space-born resources required to achieve the GLAST misson. Currently the only
resources in this category are the GPS congdlation and the TDRSS. No other space-
borne resources will be required by the GLAST misson.

The contractor shdl support the government in the preparation of a variety of ICDs
associged with the government-provided Misson Operations Center.  The interfaces
include but are not limited to:

MOC to GN

MOC to SN

MOC to Launch Site

MOC to GCN

MOC to GBM 10C

MOC to SSC

MOC to LAT IOC

MOC to Spacecraft Fabrication Facility

NGO hWNE

The contractor shal provide al necessry documentation for the ground command,
control and data system associated with GLAST. This is to include al necessary sysem
documentation, interface control documents, databases and test efforts.
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The contractor shall perform al andyses and tests, required to ensure proper operationa
compdtibility between the Observatory and the government-provided ground segments.
The contractor shdl develop, maintain, and provide dl technicd and programmatic
documentation required to ensure successful operation of the Observatory including, but
not limited to, the requirements outlined in the CDRLs.

4.3.2.2.3 Observatory to Launch Vehicle (LV) Interface

The contractor shdl define and maintan al desgn inteface information between the
Observatory and the Government provided launch vehicdle. The contractor shal submit
launch vehicle documentation in accordance with the CDRL. The contractor shal
participate in the preparation and maintenance of the Observatory-to-launch vehicle ICD.
The responshbility for writing, mantaining, and gaining goprova of this ICD will resde
with the government. The contractor shal develop, maintain, and provide al technicd
and programmatic documentation required to ensure a successful launch activity.  This
includes dl Obsarvatory leve safety-related documentation as required by the launch ste
and launch range organizations. The government will provide dl necessary safety
information relaive to the LAT and GBM to the contractor for incorporation in these
documents. The contractor shal submit the missle sysems pre-launch data package
(MSPSP) in accordance with the CDRL(S).

Prior to the finad flight mate to LV interfaces, the contractor shdl perform a flight ready
mechanicd fit check and an dectricd interface verification tes of the Observatory. The
mechanicd fit check and dectricd interface verificaion tet shdl be peformed a the
contractor’'s location prior to shipment to the launch dte.  The government (or launch
sarvices provider) shdl supply a test payload atach fitting which smulates the LV sde
of theinterface.

The contractor shal provide the andytical nodels and shdl perform dl andyses and tests
required to ensure proper dectrica, mechanicd, therma, and operaiond compatibility
between the Observatory and the government-provided LV and LV environments. The
government, through the launch service provider, will provide for 4 cycles of Coupled
Loads Andyss. The contractor shdl develop, maintain, and provide al technica and
programmeatic documentation in accordance with the CDRL.

4.3.2.3 Design and Performance Verification Analyses

The contractor shdl perform and document dl analyses of the data and information from
al testing, including but not limited to, the design, qudification testing, acceptance
testing, compatibility testing, on-orbit testing of the contractor’s hardware and software
which are required to ensure that the program will meet its specifications and objectives.

4324 Safety

The contractor shal plan and conduct a system safety program for the Observatory that
accomplishes the following:

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/mcd| TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

Original 22 August 30, 2002




433-SOW-0002

Provides for the identification and control of hazards to personnd, facilities
support equipment, and flight syssems during al stages of project development
and integration. The program shal dso consder hazards in the flight hardware,
software, associated equipment and potentiad  malfunctions in Insrument GSE
that may affect the Spacecraft or the LV.

Satisfies the gpplicable guiddines, condraints, and requirements dated in the
revison verson of the EWR 127-1 in effect a the time of contract award,
Eastern and Western Range Safety Requirements.

Interfaces effectively with the indudtrid safety requirements of the contract and
the Contractor's existing safety program.

The contractor shall provide Observatory level safety-related documentation as required
by the launch Ste and launch range organizations in accordance with the CDRL(S).

The contractor shall dso submit the Debris Generation Andyss Report in accordance
with the CDRL(9).

4.3.3  Spacecraft

The contractor shdl produce and verify a spacecraft that meets dl of the requirements,
gpecifications, and interfaces in accordance with the GLAST ddivery order. Prior to
integration with the LAT and GBM indruments, the spacecraft sructura, thermd and
eectricd desgn shdl be qudified, per the Spacecraft MAR, and verified by a
combination of anayses and tests on engineering models, prototype or proto-flight
hardware and software. Additiondly, the spacecraft shdl undergo a comprehensive
performance test to demongtrate readiness for Observatory level integration.

4331 Government Furnished Equipment
The government will deliver the government-furnished equipment (GFE) referenced in
Attachment K.

4.3.4 Spacecraft and Observatory Integration and Test

The government will ddiver the qudified LAT and GBM indruments to the contractor’s
integration and test facility.

The contractor shdl provide a recelving area for the LAT and GBM indruments a the
GLAST Obsarvatory integration and test facility and provide a suitable area with
gopropriate utilities for the instrument teams to unload, assemble, ingpect, and checkout
ther ingruments.  Upon successful completion of these ingpections and test the
Spacecraft contractor shdl then assume responshility for the handling and storage of the
LAT and GBM instruments, and their associated mechanica and dectrical GSE.
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The contractor shal plan, manage, and execute an observatory level program to integrate
and test dl Spacecraft and Indrument hardware and software, including supporting
compatibility testing with the ground sysem. This program shdl be documented in a
contractor prepared spacecraft and observatory integration and test plan in accordance
with the CDRL(S). The Observatory shdl be tested with calibrated and maintained GSE.

The contractor shdl provide the Government two copies of dl photographs and
videotapes, or eectronic equivaent, taken during integration, testing, and closeouts in
accordance with the CDRL.

4.3.4.1 Ground Support Equipment and Smulators
434.1.1 Ground Support Equipment

The government will deliver the Instruments to the Observatory integration and test Site
and provide mechanica ground system equipment (MGSE), dectricd ground system
equipment (EGSE), and the instrument ground support equipment (IGSE) and software
necessary to support the unique integration and testing of the instruments  the
Observatory leve. The contractor shal provide dl other necessary mechanica and
electrical ground support equipment needed to support Spacecraft-level and Observatory-
leve integration, environmenta testing, and Observatory-level tests at the launch site.
The dectrical ground support equipment shdl aso include the Ground System used for
sending commands, displaying telemetry, running automated procedures, and monitoring
the hedth and safety of the Observatory. The contractor shal provide the
accommodations for al instrument eectrical and mechanical ground support equipment.

The contractor shal incorporate the database for each instrument into the Spacecraft
database for observatory-leve integration and test and ensure that the Spacecraft Ground
System is cgpable of digtributing instrument data to the instrument ground support
equipment. The contractor shall dso support the migration of the combined instrument
and spacecraft database to the project database for misson operations.

The contractor shdl negotiate need dates for ddivery of dl government furnished items
such as math modds, insrument smulators, €etc.

4.3.4.1.2 Smulators
4.34.1.2.1 Spacecraft-lnsrument Smulators

The contractor shall design, fabricate, validate, and deliver atotd of two Spacecraft —
Instrument Smulators to the ingrument developers: one simulator to the developer of the
LAT instrument and one smulator to the developer of the GBM insrument. The
contractor shal provide Spacecraft-nstrument smulator operations support and user’s
documentation delivery of each smulator and, prior to LAT and GBM Instrument
deliveries, during both LAT and GBM Ingrument testing. Each of the Spacecraft-
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Ingrument ssimulators that the contractor provides shall be maintained and updated by the
contractor for the duration of the contract.

The fiddlity of the Spacecraft- Insrument smulators shal be sufficient to vdidate al
electrical interfaces between the Spacecraft and the instrument. The Spacecraft
smulators shdl provide power and permit high fiddity tests of the following interfaces:
data busfor bi-directiona command and telemetry, data bus for high-rate science data,
timing bus, and discrete andog and digitd services. The details of the Spacecraft-
Instrument smulators and their interfaces shdl be documented in the Spacecraft-
Instrument 1CDs.

4.3.4.1.2.2 Instrument-Spacecraft Smulators

The contractor shal receive atota of two instrument smuletors from the instrument
developers. one smulator from the developer of the LAT instrument and one smulator
from the developer of GBM ingrument. Thefiddity of the instrument smulators shall
be aufficient to validate dl eectrica, data, and command interfaces between the
instrument and the Spacecraft. The details of the Instrument- Spacecraft smulators and
their interfaces shal be documented in the Spacecraft-Instrument ICDs.

Additiondly, the contractor shal receive one, GBM power-supply load smulator. The
details of the GBM power-supply load smulator and its interfaces shal be documented in
the Spacecraft- Instrument ICDs.

The contractor shall support the government in defining an interface between the
ingrument GSE and the I& T Ground System.

434123 Spacecraft Command and Telemetry Smulators

The contractor shal provide two (2) smulator(s)as required to support the ground system
interface verification testing, Compatibility Testing and Misson Readiness testing
described in Section 4.34.3.  These smulators provide formatted telemetry and
rudimentary command echo only. The contractor shal negotiate the need dates and
deivery datesfor dl smulators.

434124  MOC Training Smulator

The contractor shdl develop a MOC Training Smulator that will be used for developing
and venifying misson operation procedures, anomaly resolution, and training the misson
operations team. The contractor shal provides dl personnd, services, materids,
fadlities, software and hardware required to develop, ddiver, ingdl, and verify the
GLAST Mission Operations Center Training Smulator. The Misson Operaions Center
is the primary link between the ground-receive dtes and the science community as
described in the Mission Operations Concept Document 433- OPS-0001.

The contractor shall develop, ingdl, deliver and verify the GLAST Misson Operations
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Training Smulator. The contractor shal determine the MOC Training Smulator system
and performance requirements and design aMOC Training Smulator in accordance with
the requirements. The design shdl include requirements andyses, gppropriate software
and hardware solutions to meet the requirements, and estimates of time and cost to
implement and test the proposed system.

The contractor shdl: assemble and integrate the hardware components of the MOC
training smulator; create and ingtal the necessary software; design, execute and present
the results of tests on the training Smulator to show the requirements are met. The
contractor shall ddiver the MOC Training Simulator to the MOC |ocation specified by
the government on the date specified and participate in the ingtdlation of the hardware
and software on the ddlivered system.

Thefiddity of the MOC Training Smulator shal be sufficient to perform al necessary
mission smulations. Prior to deivery of the MOC Training Smulator, the contractor
shdl develop any LAT and GBM instrument software smulation tools and MOC
interface smulations required to verify MOC Training Smulator interfaces and
functiondity. The contractor shal support the government ground system contractor
with the integration of the government ground system contractor-provided Instrument
smulators with the MOC Training Smulaor, and with the integration of the MOC
Training Simulator into the MOC. The contractor shdl provide the documentation in
accordance with the CDRL. The contractors shal present areview of each build
delivered to the MOC beforeit isingaled on any sysem. The last of these shdl be an
acceptance review. The data contents of these reviews are described inthe CDRL. This
amulator shdl be ddivered to the organization responsible for misson operations for the
project.

4.3.4.1.2.5 Spacecr aft (SC) Simulator (Hot Bench)

The contractor shall develop a Spacecraft Smulator (“Hot Bench”) that will be used by the
contractor, at the contractor site, throughout the SC and Observatory development and test
programs to perform validation of hardware/software interfaces, & T test procedure validation,
I&T anomaly resolution, GNC closed loop peformance testing, and fault protection
testing/validation not practicaly performed on the SC. The contractor shall provide al personnd,
services, materias, facilities, software, and hardware required to develop, deliver, ingtall, and
verify the Hot Bench. The Hot Bench shall be ddlivered to the government, set up in their facility
and functionally verified post Observatory acceptance.

The Hot Bench shall have sufficient fidelity to perform al necessary SC functions and shall meet
the following requirements:
1. The Hot Bench shal incorporate Engineering Models (EM) of dl C&DH boards
including the spacecraft processor.
2. The Hot Bench shall accommodate EMs of the Electrical Power Subsystem components,
and EM/Loaner Units for the GNC and Communication subsystem components.
3. The Hot Bench shall contain sufficient resources to host the entire flight software image.
4. The Hot Bench shall have the capability to verify all flight software uploads to the EM
processors.
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5. The Hot Bench shall communicate with the EM processors and command and telemetry
interfaces with interfaces el ectrically equivalent to the spacecraft interfaces.

6. TheHot Bench shall use AstroRT to send commands to the spacecraft and display
telemetry using the same command and telemetry databases used to develop the flight
software and that are used for on-orbit operations.

7. TheHot Bench shall provide spacecraft dynamics software models that smulate the
spacecraft operating environment, including position and velocity, attitude sensor input
data, earth, sun and lunar position.

8. The Hot Bench shall provide attitude control sensor and actuator system software models.

9. The Hot Bench shal incorporate smulation of the SSR sufficient to smulate the
command and telemetry functionality of the on-board recorder.

10. The Hot Bench shall generate representative science data at the representative rate.

11. The Hot Bench shall provide models of the instruments sufficient to emulate the
command and telemetry functiondity of the instruments.

12. The Hot Bench shall model the on-board processor redundancy.

13. The Hot Bench shall allow the configuration of simulated scenarios to be accomplished
either manualy or via scripts.

14. The Hot Bench simulation and initidization shal be controlled via configuration files
that can be saved and edited.

15. The Hot Bench shal runin red time.

16. The Hot Bench shall accept user input for applying a failure mode while running in real
time or as a pre-defined condition at the smulation start.

17. The Hot Bench shal include bus monitors to examine the traffic on the busses.

4.3.4.2 Integration

The contractor shdl plan and conduct integration of the Spacecraft and indruments in
accordance with the integration and test plan in the CDRL(S). The contractor shall
develop integrated Observetory test procedures in conjunction with the ingrument
providers. The contractor shal develop the detailed test requirements in conjunction with
the ingrument providers as pat of inteface devedopment and documentation. After
indrument integration, al tests shdl be conducted through the Spacecraft and its
asociated GSE (i.e, Spacecraft GSE to Spacecraft then to instruments). Red-time
monitoring of ingrument command and tdemetry shdl be made avalable to insrument
andysts supporting the Observatory system leve testing.  As mutudly agreed to, the
contractor shdl provide dl instrument test data, in a mutudly agreed upon format and
media, after completion of testing.

4.3.4.3 Test

The contractor shdl perform and support a comprehensive test program for the GLAST
Observatory. The contractor's level of participation will vary depending on the nature of
the specific test activity as described in this section.

43431 Observatory Level Testing

The contractor shdl plan, manage and execute component, subsystem, Spacecraft, and
Obsarvatory leve interface verification, sysem testing, and environmentd testing as

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/mcd| TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

Original 27 August 30, 2002



433-SOW-0002

defined in the CDRL. The contractor's integration and test program shdl include as a
minimum:

1.

Electricd interface teting peformed prior to integration of any assembly,
component or subsystems into the next higher assembly. At a minimum, pin out
configuration, impedance, and sgnd characteristics shdl be verified.

Performance tesing shdl be peformed immediady prior to and immediady
after each dement of the environmenta test program. Performance testing shdl
veify, to the maximum extent possble 100% functiondity of al components
including the propulson subsysem and redundant sysems if goplicable.
Exceptions shal be coordinated and approved by the government. For the
propulson subsystem, the acceptance testing performed a the vendor shdl be
documented in CDRL H and shdl include validation of dl subsystem components
(valves, transducers, lines, tanks, welds). Propulson subsystem testing a the SC
and Observatory level shdl include vave open/cdose testing as well as lesk tests
both prior to and post dl environments.

End-to-end phasing of the atitude ntrol subsysem shdl be performed after bus-
levd integration, and shdl be repeated following any subsequent bresk of the
flignt configuretion. The phedng test shdl verify the polaity of dl dgnd paths
from sensors to actuators, through flight harnesses and flight software.

Electromagnetic  Compatibility Environmenta  testing, gppropriate  for the
Spacecraft offered, shadl be peformed to demondrate sdlf-compaibility of the
Spacecraft and LAT and GBM indruments.  Compatibility with the LV and
launch dte as defined by the applicable specifications for each shdl adso be
demonstrated.

Thermad Vacuum Environmentd testing shdl be performed to demondrate thet
dl Spacecraft, LAT and GBM ingruments function properly in ther intended
operationa environment. RF compatibility shdl be demondrated a vacuum. RF
compatibility tesing in vacuum is to veify the changess of the RF
Communicetions  subsysem  characteriics in vacuum and  temperature
environments are within specifications. RF head couplers may be ingdled to
absorb RF radiated energy from the Spacecraft antennas indde the Therma
vacuum chamber or connected directly with hardlines to the antenna ports when
antennas are not ingtdled.

Environmentd tests will be peformed to veify Spacecraft/component
peformance given the expected dructura loads, vibroacoudtics limits sne
vibration limits, mechanica shock limits, and pressure profile induced during al
phases of the GLAST mission.

Interface tests will be peformed to verify the performance and functiondity of
the spacecraft internd and externa interfaces, including ground and Space
interfaces.

At no time shdl any test (functiona or environmentd) expose the payload to
environments, sgnas, or other conditions that exceed the limits specified in the
contractor’ sinstrument 1CDs.

The contractor shdl provide science data from the LAT & GBM ingruments to
the LAT and GBM EGSE for the indrument developers to verify the proper
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operation of the ingruments during system leve tests. Instrument cdibrations, as
negotiated between the spacecraft and instrument contractors, and approved by
the government, shall be supported.

10. As early as practicd dfter the start of the system levd tests, the contractor shall
provide data to the operations ground sysem for checkout of the tdemetry
database in the MOC. At suitable opportunities, the contractor shal make
provisons for the MOC to send commands to the observatory to check out the
command database.  With the help of the insrument developers and misson
operations contractor, the spacecraft contractor shdl plan and conduct mission
amulations to verify operaions procedures and scenarios. At dl times during al
gysem leve tests prior to launch, the spacecraft contractor shal be responsble
for the hedth and safety of the observatory.

11. Fight baitery usage during SC and Obsarvaiory leved testing shdl be minimized
enauring that flight bettery life is maximized.  Hight betery intefaces and
operational performance within the SC and Observatory shdl be vdidated
through the use of a fit, foom and functiondly equivdent I&T test battery
throughout observatory levd teting. A CPT shdl be peformed post flight
battery inddlation to vdidate Observatory ambient environment performance
prior to launch.

4.3.4.3.2 Ground System and Operations Testing
434321  Ground System Interface Definition

As dated in Section 4.3.4.3.1, the contractor is responsible for conducting the
interface tests necessary to verify gpacecraft compliance with externd interface
requirements.  The externd intefaces include NASA’'s Space Network, Globd
Pogtioning System, RF Ground Station(s), MOC, and launch ste ground sysems. The
contractor shdl verify Observatory outputs, format and contents, directly with the
externd interfaces or with smulator(s) and ground system equipment provided by the
contractor. The contractor shal work closdy with NASA misson engineers to perform
communications, command, control, and operationd requirements trade andyses. The
contractor shall provide dl necessary interfaces to the ground command, control and data
sysdsem.  This is to include dl necessary sysem documentation, interface control
documents, databases and test efforts.

The contractor shall provide an interface smulator as described in section 4.3.4.1
for the purposes of verifying the data formatting of the ground system elements.

434322  Ground Syssem Compatibility Tests

Ground System Compatibility Tests are performed with the coordination and
participation of each misson dement. Compatibility tests verify thet the flight and

ground aspects are capable of communicating and handling data, commands, and formats
throughout the system. These tests will start as soon as possible.  The contractor shdll
provide information necessary to define and execute these tests such as command and
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telemetry database, procedures and expected results from the Spacecraft perspective; the
contractor shal aso provide the personnel necessary to support the Spacecraft or
gmulator in the execution of thetests. The schedule and content of these testswill be
defined later in the program, but it is expected that gpproximatdly fifteen Ground System
Compatibility Testswill be required with aduration of one day each. Thesetestswill
occur during the last year and one-half prior to launch. It is preferable that the tests be
supported with the Spacecraft hardware. However, the Spacecraft Simulator (as described
in Section 4.3.4.1.2) or the SDM S (as described in Section 4.3.6.3) may by used for the
purposes of verifying data formats and interfaces of the ground system elements. The
gpacecraft contractor shall lead, coordinate, and conduct al tests that involve the
Observatory. The Mission Operations contractor shall lead, coordinate, and conduct all
tests that do not involve the Observatory.

434323 End-to-End System Tests

End-to-End System Tests are performed with the coordination and participation of all
mission eements. These tests are designed to demondtrate the competibility of dl the
elements that make up the entire misson. These tests will not commence with the
Obsarvatory until it isfully integrated with the insruments. While the ground system
compdtibility test may verify proper dataflow and timing between two or more elements,
End-to-End testing uses dl dementsin their desired configuration. End-to-End System
tests require observatory availability. Thisincludes scheduling, load generation,
commanding, telemetry displays, offline telemetry analysis, data ingest, and science data
processng. The End-to-End tests dlso test the Spacecraft procedures for critical mission
activities to the maximum practica extent. These tests will occur during the Observatory
1&T and period will be completed 2 months before launch. The contractor shal provide
information necessary to define and execute these tests and the personnel necessary to
provide the spacecraft participation in these tests. The schedule and content of these tests
will be determined later in the program, but it is expected that there will be approximately
sx End-to-End System Tests of up to 2 days each. The spacecraft contractor shall lead,
coordinate, and conduct al tests that involve the Observatory. The Mission Operations
contractor shall lead, coordinate, and conduct al tests that do not involve the
Observatory.

4.34.3.3 Mission Readiness Testing

Mission Readiness Testing includes those exercises, smulations, and rehearsals used to
prepare the operations staff for launch, check-out, science misson activities and
contingency operations. Mission Readiness Tests will be conducted from the MOC.
These tests will utilize the spacecraft wherever possible, but a sufficiently capable
smulator will be used if needed. The government will use an incrementa approach to
mission readiness testing. These increments correspond to the complexity of the task
being performed. Misson Readiness Testing will commence gpproximately one year
before launch. Three types of readiness testing are defined. The spacecraft contractor
shall lead, coordinate, and conduct dl tests that involve the Observatory. The Misson
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Operations contractor shdl lead, coordinate, and conduct dl tests that do not involve the
Observatory.

434331 Exer cises

Thistesting is performed a the subsystem leve. It involves rdaively few engineering
and MOC operations staff. These tests are used to show that a particular command,
command procedure, or command segquence produces the desired result. These tests
occur on adaily or weskly time scde. These tests may last from an hourly to daily
duraion. The contractor shdl provide timely review of al government developed
command sequences and procedures. Thiswill be alow leve of effort for the contractor
invalving logistica support for the setup and takedown of circuits and equipment, with
occasiond use of the SDMS. The contractor shal answer specific questions regarding
the planning, execution, and interpretation of the results of these tests.

434332 Misson Simulations

Thistesting is performed at the system level and involves dl space and ground dements
except the launch ste. The smulations involve alarge number of engineering and
operations aff. These smulations are based on the results of the exercises described
above. Detals of the amulaions are misson time line dependent but will include dl
nomind and contingency activities. The contractor shdl provide input to the Smulations
plans and provide subsystem and system engineering support to accomplish the activities.
It is expected that gpproximately twenty Misson Simulations will be required for
GLAST.

434333 Launch Rehearsals

This tedting is peformed with dl individuds who will paticipate in the launch in ther
launch day postions These events will require sgnificant advanced planning, review
and coordination. The contractor shal provide launch support for launch smulations and
rehearsds. This effort encompasses the conduct, analyses, and evduation of pre-launch
traning and smulations of the launch (through orbit insartion). There will be two
rehearsds with the launch dte.  The contractor shdl provide dl personnd who will
participate in the launch for these events.

4344 Contamination Control

The cortractor shall assure gppropriate contamination control is mantained throughout
al phases of integration and test.

The contractor shdl provide an Observatory Contamination/Cleanliness Control Plan in
accordance with the CDRL(S).

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/mcd| TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

Original 31 August 30, 2002




433-SOW-0002

4345 Spacecr aft/Observatory Storage

Prior to launch, the contractor shdl provide appropriate Ground Storage for the
Spacecraft or Observatory a the contractor's facility. This activity shal encompass
dorage, storage maintenance, and post-storage activities necessary © bring the spacecraft
bus to integration readiness or Obsarvatory to launch status. This shdl include, but not
be limited to the dtorage and maintenance of spare parts as well as ground support
equipment.

4.3.4.6 Spacecr aft, Observatory and GSE Shipment

The contractor shal be respongble for the shipment of the Observatory, and is ligble for
both ingruments, between the place of integration with insruments and the launch
facllity. The contractor shal provide for the shipment of necessary GSE required to
support the Spacecraft and Observatory during each phase of tedt, integration, and launch
preparation, including the instrument GSE. The contractor shdl prepare the Observatory
Trangportation and Handling Plan in accordance with the CDRL(S). The government is
responsble for the planning, preparation, and shipment of the insruments GSE after
launch.

The contrector shdl obtan any necessary shipping permits and hazardous meterid
exemptions, etc. During dl shipments the contractor shdl perform red-time monitoring
of the shipping and handling environment for &l controlled conditions (shock,
temperature, ar deanliness, ar andlor nitrogen purge, and humidity) while the
Obsarvatory isin the shipping container.

The contractor shal reassemble, as required, and checkout al the contractor's GSE after
eech shipment, verifying that they ae dl opeding within norma spedification limits
before their use with the Spacecraft and Observatory. The government will disassemble,
reassemble and checkout the instrument GSE.

4.3.5 Launch & Operations

The government will provide the LV and the Observatory processng facility(s) and the
launch ste.

4.35.1 Launch Support

The contractor shall provide launch support of the completed Observatory. The
contrector shdl support launch vehicle interface definition, desgn verification and
management, Observeatory preparation and launch support, and launch readiness
veification, including find checkouts launch rehearsds and flight readiness reviews.
The government will make the find go/no-go decision for launch.
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43511 Mission Integration Support for Launch Services

The contractor shal provide management and engineering support for al Observatory
activities associated with the LV and launch services. This indudes systems integration,
interface  definitions, interface verification, Observatory to LV integration, ground
processng facilities and GSE integration/readiness, and launch support effort.  The
contractor shall be responsble for assuring that compatible interfaces between hardware
and software are defined, coordinating LV inteface requirements definitions, and
supporting and/or conducting design and safety reviews, technicd interchange meetings
(TIMs), and working group and ad-hoc meetings. This effort requires the development
and maintenance of interffaces with al entities that play a role in Observaory launch.
This involves coordinating, planning, and peforming al tasks, which ae necessay to
implement a successful launch.  The contractor shal support dl activities related to the
devdopment of interfface documentation and provide concurrence that the government-
provided launch services contractor satisfactorily implemented dl requirements.

4.35.1.2 Analytic and Test Support for Launch Services

The contractor shal provide management and engineering support for al andytic efforts
conducted by the Government-provided launch services contractor necessary for the
assessment of LV environments, interfaces, and ground processng on the Observatory
desgn. This support includes devdopment of detalled Observatory andytic modes
andyss of ground processing faclity compatibility, compliance with interface safety
requirements, and compdibility with LV flight environments and flight desgn. The
government is respongble for obtaning vadid coupled loads andyss results from the
launch organization. The contractor shal compare the results of the coupled loads
andyss cycle to the design loads used in Spacecraft structurd andyses to confirm that
the reaulting loads are within the desgn requirements as specified in the LV ICD. The
contractor shall support any tests (eg., fit checks, shock tests) and perform al tasks
necessary to prepare the Observatory for launch.

4.35.1.3 Pre-launch Integration and Test

The contractor shdl perform all tasks necessary to integrate, test, and prepare the
Observatory for launch at the launch site. This includes developing Observatory/LV
integration test plans, procedures, and services and performing the actua checkout of
interfaces with the LV and launch fadilities This aso includes the verification of dl
interfaces for returning datato GSFC, for example, the MILA reay link testing and voice
communications through AE Comm at Cape Canaverdl.

The contractor shall support LV testing and launch smulations and rehearsas as
necessary.

43514 Launch Operations

The contractor shdl provide al required integration, safety, and engineering support to
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process the Observatory through the ground processing facilities, launch facility, and the
LV. In addition, this effort shal encompass the contractor’'s efforts necessary to support
the actud launch, pod-launch orbit insertion, perform Obsarvatory initialization,
deployments, and preparation for on-orbit performance verification teding. This activity
will be under government direction from launch through separation of the Observatory
fromtheLV.

4.35.2 Flight Operations I nterfaces and Support

The governmert will provide the ground sysems and flight operations team for
Observatory operations. The government furnished Misson Operations Center (MOC)
operations team shdl be responsible for the on-orbit operations of the Observatory. The
contractor shall train the MOC operdtion team and their own operations team, including
System Lead and subsystems engineering support referenced in section 4.3.5.4, for ont
orbit initidization, checkout, peformance verification, and anomdy resolution. The
contractor shal videotape and provide spacecraft subsystem training presentations to the
government for future training usage. The contractor shdl peform traning misson
amulations for rehearsd of onorbit misson phases induding nominad operations
gmulaion ad smulations with contingencies as pat of the smulations described in
4.3.4.3.3.

The contractor shdl provide support to the MOC in verifying interfaces and operationd
data flows. This support shdl include asssance in planning, developing, execuing, and
asessng interface verification tests as described in section 4.3.4.3.2.

The contractor shdl provide a flight software user’s manua and spacecraft bus operations
menud, with sufficient detal to be used by the flight operations team for flight
operations, as described in the CDRL(S).

4.35.3 On-Orbit Performance Verification

The contractor shdl perform an on-orbit performance verification program that shal
confirm that the Obsarvaory peformance is in  accordance with the misson
requirements, specifications, and interfaces. The GLAST Instrument Operations Team(s)
will perform the necessxry Indrument testing. As a minimum the contractor shdl

perform:

1 Observatory On-Orbit Check-Out - After the Observatory has reached the
operational orbit and deployedrdeased dl agppendagesmechanisms, the
contractor shdl perform a check-out to verify the pod-launch performance
and date-of-hedth of the Obsarvatory. All sysems shdl be verified for
proper function and performance. The check-out shdl be planned to occur
prior to 60 days on-orbit, but may occur later if Spacecraft anomdies are not
resolved. The contractor shdl provide their onorbit check-out plan to the
government in accordance with the misson performance verificaion plan
The contractor shal prepare a report that summaizes the on-orbit
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performance of the Observatory compared to its required performance for the
misson after launch. All pertinent issues affecting misson success shdl be
addressed. The extent of performance explanaion required depends on the
seriousness of the impacts that any problems identified may have on misson
success.  The contractor shdl adso provide an assessment of the flight
operations team’s readiness to assume operational control of the Observatory.
This report summarizes the Observatory performance onorbit after launch
and check-out to determine initid misson success Government acceptance
of the Observatory will occur after the on-orbit check-out successfully
demondtrates that al applicable contract performance requirements have been
met. The responghility for the Observatory remains with the contractor until
the government signs the Materia Inspection and Receiving Report (DD250).

2. Observatory to Ground Control and Data Systems Interface Verification - This
effort shal be peformed by the contractor after the Observatory onorbit
performance and dsate-of-hedth have been confirmed. The purpose of this
tes is to verify proper operaions of the Observatory to ground system
interfaces and to provide the necessary cdibrations.

3. 60-Day On-Orbit Performance Report — The contractor shall prepare a report
which summarizes the ontorbit performance of the Spacecraft compared to its
predicted peformance for the misson after launch. The contractor shadl
address each subsysem and the performance of launch and include flight
operations crews.  All pertinent issues affecting misson success shdl be
addressed. The extent of performance explanaion required depends on the
seriousness of the impacts that any problems identified may have on misson
success.  This report summarizes the spacecraft bus performance on-orbit after
launch and check-out to determine initid misson success and completion
payment milestone status.

4354 Support to On-Orbit Operations

The contractor shall support 60 days of Observatory check-out and operations following
launch and Observatory separation. The contractor shal provide Sysem lead and
subsystem engineering support & the MOC on an aound-the-clock bass until dl
Spacecraft subsystems are completdy activated and the Observatory is in the misson
orbit, 12 hr. x 7 day coverage through ingrument activation, and 8 hr. x 5 day until
Obsarvatory acceptance by the government. The government will provide Ingrument
check-out and operations support during thistime.

4.354.1 Anomaly Resolution and Spacecr aft Acceptance

The contractor shdl resolve dl out-of-gpecification on-orbit performance issues as
assigned to the contractor by the GLAST Project Office This support shdl reman
effective until the end of the 60 day check-out period, or until Observatory acceptance by
the government, whichever occurs later. (The contractor shal provide any post-60 day
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support required to resolve such pre-acceptance Spacecraft anomdies) This includes
support of periodic conference cdls on the status of anomalies under investigation.

For out-of-family, but in-specification and non-specified performance, the contractor
ghdl peform onorbit task assgnments as authorized by the Government in accordance
with contract clause 1.A.1- RATES FOR NON-STANDARD SERVICES, per
Attachment M. Each task will be initiated by written direction from the CO, and shdl be
coordinated with the contractor to define the details of the task, its manpower ceiling, and
scheduling requirements.

4.35.4.2 Observatory Database Support

The contractor shdl correct al discrepancies discovered in the databases until the end of
the Observatory acceptance period.

4.354.3 On-Orbit Trending

The contractor shdl devedop and implement an onorbit Observatory engineering
trending program and operate it until the end of the Observatory acceptance period when
the contractor shdl handover the responshility to the Misson Operatiions contractor.
The program shdl identify parameters to trend, and then monitor dl parameters on a
routine bass, andyzing the data with the intent to identify anomaous performance, out-
of-family performance, degradation of components, characterize nomina aging effects,
and predict EOL, etc. Comparisons shall be made between on-orbit performance and
Observatory-levd pre-launch test data. The contractor shal make this data avallable to
the Government for review during the Observatory acceptance period.

4.3.6 Flight Software

The contractor's gpproach and plans for development and modification of the flight
software shal be documented in a Software Management Plan in accordance with the
CDRL.

The contractor shdl treat the software component of firmware, which consigts of
computer programs and data loaded into a class of memory that cannot be dynamicaly
modified by the computer during processng (eg., programmable read-only memories) as
software for the purposes of this SOW. For devices such as programmable logic arays
and application specific integrated circuits (ASICs) with new designs, the contractor shall
conduct a suitable review program.

Auto-generated software and its sources, eg. - databases, modds or other sources, shal
also be considered software for the purposes of this SOW.
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4.36.1 Software Management Requirements, Development, Verification, and
Testing

The contractor shal peform industry accepted software management approaches to:
software andyss, design, development, documentation, verson control, test, verification,
and assurance of al software products. This systematic approach shal be detailed in the
Software Management Plan (SMP) as described in the CDRL.

The contractor shdl peform dl andyses and software systems engineering required to
dlocae (from sysgtem and subsystem requirements) and identify software requirements,
and to deveop necessary Hight Software Requirements Specifications (SRS) for the
Observatory, as described in the CDRL. Software requirements traceability to system
and subsystem requirements shdl be provided in traceability matrices.

The contractor's Flight Software design shal be captured and maintained in the FSW
Software Design Document (SDD), as described in the CDRL.

The contractor's Flight Software testing approach, methodology, procedures and results
ghal be documented in the Hight Software Test Package (STP), as described in the
CDRL. The fird section, Test Plan will describe dl phases of the software testing, from
informa routine and function tests through the FSW Acceptance Tests shdl be carried
out conforming to this documented plan. The second section will contain the detaled
testing procedures, which shal be captured and mantained. The last section, Hight
Software Acceptance Tests shdl be documented here with Flight Software Test Reports.

With esch ddivery of venified and tested software, the contractor shall concurrently
dediver a Hight Software Verson Description Document (VDD), as described in the
CDRL, which describes in detal the contents of that paticular verson of the Hight
Software. It includes functiondity of the build, the requirements satisfied, as wel as any
deficiencies known to exist in the specified version.

The Software User and Maintenance Manud, as described in the CDRL, shdl contain the
information required to use and mantan the flight software, including detaled
procedures for building, linking, troubleshooting and ‘paiching’ the flight software. It
dhdl incdude any indruction checklists, diagrams, illudrations, etc. which would fecilitate
the maintenance of the code.

The contractor shdl hold reviews for Hight Software, as described in the CDRL, which
may be scheduled adjacent to misson or other reviews, but where software is discussed
separady. These reviews shdl provide a grester understanding and in-depth look at the
flight software and al associated processes and risk evaluation.

Requirements, design, and code walkthroughs or ingpections shal be conducted a the
contrector's facility a the agppropriate software developmentd life-cycle phase, in
accordance with this DO, to ensure the correctness of the requirements, design, and
source code.  These wakthroughs/ inspections shdl be open to Government participation.
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The coding, debugging, and developer testing efforts, the results of the wak-throughs,
and programmer’ s notes shdl be documented and available for Government review.

The contractor shdl provide dl the resources necessary to verify and vaidate dl the
software developed for the Observatory.

436.2 Softwar e M aintenance

The contractor shdl maintain the flight software and documentation to ensure rdiability,
maintainability and operability, dong with the environments, emulators, and test software
necessaty to devdop and verify these systems until on-orbit acceptance of the
Obsarvatory. The contractor shdl provide dl necessary products and training to alow
the government to maintain the flight software after on-orbit acceptance.

The contractor shdl retain al Fight Software and other software product’'s
documentation for the complete software life cyce development until the end of the
basdine misson life  This documentation will be used for mantenance of the system
and shall be accessible to the government until the end of the basdine misson life.

4.3.6.3.1 Software Development and Maintenance System

The contractor shadl provide dl the necessary ground based hardware, software,
development tools, procedures, and documentation to the government to mantan the
Flight Software after on-orbit acceptance. This hardware, software, development tools,
procedures and documentation shall be referred to as the Software Development and
Maintenance System (SDMS). The SDMS shdl consst of necessary enginesring units
and asociated ground support equipment, al the hardware platform(s), and software
tools used in devdopment of the Hight Software, including dl smulators, emulators,
compilers, code generation systems, debuggers, linkers, test software and al procedures
and scripts used for testing.  This includes a complete test environment to vaidate any
flight software modifications. The SDMS shdl contain dl tools and utilities required for
formatting executable code for uplink to the spacecraft. The fiddity of the SDMS shdl
be sufficient to validate flight software modifications,

The contractor shall provide a Ground Reference Image of the executable code in PROM
and EEPROM on the gspacecraft as wel as the Flight Software in use on board at
acceptance, should they be different (i.e. — Any patches or operationa uploads required to
get to the acceptance basdline).

437 MiscelaneousActivities
4.3.7.1 Deleted
4.3.7.2 Deleted CH-03

4.3.7.3 Deleted
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4.3.7.4 Deleted
4.3.7.5 Deleted
4.3.7.6 Deleted CH-03
4.3.7.7 Deleted
4.3.7.8 Deleted

4.3.7.9 Solid State Recorder
CH-02
The contractor shdl develop a system that includes a 96 Ghit (base 2) solid state recorder.

4.3.7.10 Ku-band Downlink

The contractor shal remove the spacecraft X-band downlink system and replace it with a
TDRS compatible Ku-band downlink system at 40 megabits per second (Mbps). The Ku-
band return system shdl support the downlink of stored science, stored housekeeping,
derts, diagnogtic data, and real-time housekeeping data. The contractor shdl perform al
procurement activities, sysems engineering, safety and misson assurance, manufacture,
assembly, tedting, launch, onrorbit checkout, and post-launch support necessary to
implement, incorporate, and operate the Kuband downlink sysem within the GLAST
Observatory as specified in this delivery order.

CH-03

4.4 DO Options

Option-1 90-day Instrument dedivery delay with concurrent 90-day Launch
delay option (may invoke up to 6 times)

The contractor shal price an option to accommodate a 90 cdendar day dip in the
deivery schedule for any or al Insruments as indicated in the GFE Ligt, Attachment K,
with a concurrent 90 cdendar day launch delay. The latest notice for the firgt invocation
of this option is 60 cadendar days prior to the basdine ddivery date. For the next 5
invocations, the latest notice is 60 cdendar days prior to the most recently established
delivery date.

Option-2 12 months of flight software maintenance including documentation
(may invoke up to 5 times)

The contractor shdl price an option to maintain the flight software and documentation to
ensure rdiability, mantanability and operability, dong with the environments
emulators, the SDMS, and test software necessary to develop and verify these systems.
This option will be invoked with at least 90 cdendar days notice prior to launch or each
subsequent option period.
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Option-3 Current conditioning for GBM Instrument

The LAT Ingtrument requiresa 28 +/- 1 VDC power bus. The contractor shal price an
option to provide the GBM ingtrument with a28 +/- 1 VDC power bus and current
limiting capabilities that meet the following requirements

A. GBM Current Trangents

The following requirements shall be measured when supplied by a voltage source having
the impedance characteristics of the spacecraft power source impedance:

1. Current peaks associated with both turn-on inrush current and non-repetitive
operationa current transents shal not exceed 200% (TBR) of the GBM pesk
power current between 50 microseconds (usec) and 10 milliseconds (msec) after
the gtart of the trangent and shdl return to steady-state within 10 msec from the
time of the peak of the transent.

2. During normal operations the GBM current transent rate of change shdl be
limited to = 20 milliamps (mA)/usec (TBR).

3. The GBM turn-on inrush current transient rate of change shdl be limited to = 50
mA/usec (TBR).

4. The GBM turn-off current trangent rate of change shal be limited to = 50
mA/usec (TBR).

B. Power Source |mpedance
The PSE output impedance shall be lessthan (TBD) ohmsto 1 MHz (TBR).
This option will be invoked with at least 30 caendar days notice prior to the SRR.

Theinput circuit to the GBM power unit is as depicted in Figure 1.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/mcd| TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

Original 40 August 30, 2002




Primary Power Interface (PDU-GBM -PB)

SC/PD GBM-PB

AC

A7 L _j

Figure 1. Primary Power Interface

Values are:

Cre  =RF Filter Capacitor (two 22nF capacitorsin series)

Rs =Balancing Resistor (two 100K resistors in series)

D1 =Inverse Polarity Protection Diode (two diodes TBD in series)
Lo =Common Mode Choke

Le =Filter Choke

Cr =Filter Capacitors
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Option-4 12 months of MOC Training Smulator maintenance including
documentation (may invoke up to 5 times)

The contractor shdl price an option to mantan the MOC Traning Smulator and
documentetion to ensure rdiability, mantainability and operability, adong with the
environments, emulators, and test software necessary to deveop and verify these
sysems.

This option will be invoked with at least 90 cdendar days notice prior to launch.
Option-5 Controlled Re-entry: Increased Reliability for Controlled Reentry

The offeror shal price an option to increase the rdiability for sysems necessary to
implement a controlled reentry. The offeror shal examine methods to increase the
reliability of controlled reentry &fter five years and ten years in orbit, under the
assumption that only the spacecraft functions necessary to support reentry are necessary
a those times. The offeror shal condder and include dl costs atributable to the
controlled reentry requirement induding sysem engineering and andysds, desgn,
gmulation, components procurement, integration and test, on-orbit tests, changes to the
ground system, planning and conducting the reentry operation, and any other gpplicable
cos dement. The additiond costs for increased rdiability shal be provided in a few
discrete steps corresponding to the proposed design changes. Note:  There is no
requirement for a specific reiability number to be met.

This option will beinvoked with at least 30 caendar days notice prior to SRR.
Option-6 Battery Life Test

The offeror shdl price an option to commence life testing of 10 cdls in 2, five-cel packs
procured from the same lot as the flight cdls. The test shdl dart at least two years before
the scheduled launch date, and continue for a least twelve years or until the Observatory
de-orbits.  The offeror shall prepare a test plan to duplicate as nearly as practicable the
therma and dectrica conditions that the flight baiteries are expected to experience on
orbit. The offeror shdl ddiver the battery test plan and the test cell-packs to GSFC,
wherethe life test will take place.

This option will be invoked with at least 30 cdendar days notice prior to MCDR.

A prdiminary verson of this CDRL is due with the proposa quote for this option. The
find versonisdueonly if this option is exercised.
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Title: CDRL No.: Option-6
Battery Test Plan

Refer ence:
GLAST Project Spacecraft Performance Specification 433- SPEC-0003 Section 171

Purpose:
To define a battery test plan that mimics in the probable in-flight operation of the battery.

Related Documents:

To Be Supplied (TBS)

Preparation | nformation

The contractor shall prepare atest plan to duplicate as nearly as practicable the therma and
electricd conditions that the flight batteries are expected to experience on orbit. The
contractor shdl include the following information: battery temperature, and battery charge
and discharge profilesfor a variety of beta angles and selected orbits during the spacecraft's
anticipated life. The contractor shal ddiver the battery test plan and the test cdll-packs to
GSFC, where the life test will take place.

The contractor shal include the following information: battery temperaiure, and battery
charge and discharge profiles for a variety of beta angles and sdected orbits during the
pacecraft’ s anticipated life.

Option-7 Delete Autonomous Repointing

The offeror shal price an option to deete the implementation of autonomous repointing.
Ddetion of this option shal not impact meeting the other operationa condraints.

This option will be invoked with at least 30 calendar days after SRR.

Option- 8 Delete MOC Training Simulator

The offeror shdl price an option to delete the delivery of the MOC training smulator to
the government from the basdine.  This option will be only be exercised if Option 13 is
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exercised.  Note If the government exercises Option 13, dthough a MOC training
amulator is ill required, it would not be a ddiverable.

Option-9A  Independent Safe M ode Processor

The offeror shdl price an option that employs a dedicated, safe mode GNC processor,
separate from the norma mode processor. To ensure software independence, the safe
mode processor shall be of a different type and have a different operating system than is
used by the norma mode processor. All safe mode software, including math library
functions, shares no code with norma mode software. This option will be invoked with at
least 30 caendar days notice prior to SRR.

Option-9B  Softwar e Augmentation for Safe M ode | ndependence

The offeror shdl price an option to implement complete software independence of the
Safe Mode. For this option, dl ssfe mode software in the basdine system, including
math library functions, shares no code with norma mode software. This option will be
invoked with at least 30 calendar days notice prior to SRR.

Option-10A 15 MHz X-band Downlink Bandwidth

Space science missons are normdly alocated 10 MHz of bandwidth in the 8.450 to
8.500 GHz range of X-band for space to ground links. The baseline GLAST
specifications call for a data rate on the X-band downlink compliant with a10 MHz null-
to-null bandwidth of the main lobe (bandwidth definition as used by the GSFC Spectrum
Allocation Office). It is beneficia to GLAST science and ground operations to have the
use of bandwidth greater than 10 MHz to support a higher datarate. The GLAST Project
intends to pursue awaiver for a higher bandwidth alocation from spectrum management
authorities. It isanticipated that the schedule for acquiring awaiver will be driven by
regulaory adminigretive procedures.

The offeror shdl price an option for a 15MHz, X-band downlink communications
systems. 15 MHz bandwidth refers to the null-to-null bandwidth of the main lobe of the
sgnd (bandwidth definition as used by the GSFC Spectrum Allocation Office). This
option shall include a schedule relative to the program schedule describing what
decisons must be made at what time in order to exercise the option.

The offeror shal demongtrate how their communication system design complies with the
gpectrum alocation congraints relevant to this option.

This option will be invoked with at least 60 days prior to MCDR.
Option-10B 20 MHz X-band Downlink Bandwidth
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The offeror shdl price an option for a20 MHz, X-band downlink communications
systems. 20 MHz bandwidth refers to the null-to-null bandwidth of the main lobe of the
sgnd (bandwidth definition as used by the GSFC Spectrum Allocation Office). This
option shall include a schedule relative to the program schedule describing what
decisons must be made a what time in order to exercise the option.

The offeror shdl demondgrate how their communication system design complies with the
gpectrum alocation condraints relevant to this option.

This option will be invoked with at least 60 days prior to MCDR.

Option-11 Intentionally left blank

Option-12 Extended Mission Lifetime: Mission Operationsfor 5 years

The offeror shdl price an option to provide misson operations, from the Misson
Operations Center described in Option 13, for up to an additional 5 years. In the event
that Misson Operations services are not required for 5 years, the government has a right
to negotiate an equitable adjusment.  This option will be invoked with at least 6 months
notice prior to the end of the previous 5 year period.

Option-13 Mission Operations Center Development and Mission Operations for
upto5years

An option shdl be priced for the contractor to provide a non-GFE, Misson Operations
Center and peform the misson from this facility. Under this option, the contractor shall
provide dl personnd, services, materids, facilities, software and hardware required to
develop, ddiver, inddl, verify, operate and mantan the GLAST Misson Operations
Center for up to 5 years. In the event that Misson Operations services are not required
for 5 years, the government has a right to negotiate an equitable adjustment. This option
will be invoked within ARO plus 8 months notice.

The Misson Operations Center is the primary link between the ground-recelve sites ad
the science community as described in the Misson Operatiions Concept Document 433-
OPS-0001. This option has two mgor components 1) Misson Operations Center
Development and 2) Mission Operations.

13.1  Misson Operations Center Devel opment
As the Misson Operation Center Developer, specific respongbilities of the contractor
indude:
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13.1.1 Reviews

13.1.1.1 MOC Ground System - System Concept Review

The contractor shal provide a System Concept Review of the MOC Ground
Sysem design concept to verify that dl maor performance requirements and
interfaces are understood. Mgor hardware and software dternatives and
supporting trade studies shall be presented for discusson.  Performance and
schedule risk areas shdl be discussed. See CDRL O13-1 for data package
requiremerts.

13.1.1.2 MOC Ground System - Prdiminary Design Review

The contractor shadl provide a Prdiminary Desgn Review of the MOC
Ground System design, detalling the purpose and function of each Ground
Sysem dement within the MOC. The PDR shdl dso present the Ground
System Test Plan. See CDRL 013-2 for data package requirements.

13.1.1.3 MOC Ground System - Critical Design Review

The contractor shal provide a Criticd Desgn Review of the MOC Ground
Sysem find detaled desgn, incuding dl software and hardware dements.
All comments and concerns raised, and al changes made since PDR will be
addressed. Find caculatiions of system performance shdl be presented. See
CDRL O13-3 for data package requirements.

13.1.2 Documentation

The contractor shdl provide the following Ground System Documentation:
13.1.2.1 Ground System Operations Manua
The Ground System Operations Manua described al functions that can be
accomplished with the MOC using the Ground Sysem. Condrants on
operations and contingency operations are included. See CDRL 013-6 for
data requirements.
13.1.2.2 Ground System Test Plan
The Ground Sysem Test Plan describes the means by which the contractor
ghal demongrate the Ground System meset its requirements. See CDRL O13-
7 for data requirements.
13.1.2.3 Ground System Procedures
The actual procedures use by the Ground System to accomplish the misson.
These procedures are the implementation used to accomplish the functions set
out in the Ground System Operations Manual. See CDRL 0O13-8 for data
requirements.
13.1.2.4 Integrated Mission Schedule input
Monthly input to the Integrated Misson Schedule conssts of updated status of
al ongoing Ground System activities.

13.1.3 Work to Be Performed

13.1.3.1 Dedgn
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13.1.3.1.1 Desgn a MOC in accordance with the Misson Operations
Concept Document. The desgn shdl indude requirements anadyses,
gppropriate software and hardware solutions to meet the requirements, and
estimates of time and cost to implement and test the proposed system.

13.1.3.2 Implementation
13.1.3.2.1 Determine the location of the MOC tha presents the
government with the most favorable cost and risk.  This determination
should be derived from the interface requirements of the MOC based on
other elements as defined in the Operations Concept Documen.
13.1.3.2.2 Procure al hardware required for the MOC.
13.1.3.2.3 Determine software requirements for the MOC.

13.1.3.3 Ground System Internd Tegting

Interna Testing of the MOC Ground system shal include:
13.1.33.1 Network elements
13.1.3.3.2 Red time Sysem
13.1.3.3.3 Panning and Scheduling System

13.1.3.34 Archivd System

13.1.3.35 Andyss and Trending System
13.1.3.36 FSW Memory Management System
13.1.3.3.7 V oice Communications System
13.1.3.3.8 Leve Zero Processing

13.1.3.4  Ground System Compatibility and End to End System Testing

Provide the lead role in the peformance of Ground System Compatibility
Tests and End to End Systems tests usng dl ground sysem dements. To
accomplish any given ted, the contractor shdl peform the following
activities

13.1.34.1 Devise the test gods and requirements.

13.1.3.4.2 Schedule the test and coordinate resources.

13.1.34.3 Conduct dl subsystem reviews of the commands, tdemetry
monitors, procedures, scripts, contingency plans, etc., to be used during
the tedt.

13.1.344 Conduct a find script review gpproximately one week prior
to each test to cover the test plan, procedures, scripts, and test support and
coordination activities.

13.1.345 Execute the planned command procedures and generate
supporting data products during the test.

13.1.3.4.6 Obtain and process al supporting data into a post-test
report.

13.1.34.7 Resolve anomdies and incorporate lessons learned for
future tedts.

13.1.3.5 Hight Operations Exercises, Smulations & Rehearsals
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Provide the lead role in the peformance of the exercise, smulaions and
rehearsds required for a successful launch and misson. To accomplish these
activities the contractor shall:

13.1.35.1 Devise the goa's and resource requirements

13.1.35.2 Schedule the activity based on resource constraints

13.1.35.3 Conduct reviews of planned activity with participants
13.1.35.4 Execute the activity and collect appropriate data

13.1.355 Create post activity report to document results.

13.1.35.6 Resolve anomaies and incorporate lessons learned into
future ectivities.

Mission Operaions

The Misson Operations portion of this option shdl provide the price of performing al
routine, pre-planned, and nomind activities required to successfully execute the GLAST
misson. The pricing shdl include per year ©st of operating the MOC for years 1 through
10. Specific activities shdl indude:

13.2.1 Reviews

13.2.1.1 Pre-Launch

13.21.1.1 Mission Operations Review

The contractor shdl support a Misson Operaions Review by
providing/presenting inputs concerning the MOC Ground System. See
CDRL O13-4 for data package requirements.

13.21.1.2 Hight Operations Review

The contractor shal support a Flight Operations Review by
providing/presenting inputs concerning the MOC Ground System. See
CDRL 0O13-5 for data package requirements.

13.2.1.1.3 Monthly Status Reviews
The contractor shall provide Ground System inputs to the Monthly Status
Review data package.

13.2.1.2 Post Check-out

13.21.21 Weekly Observatory Reports
The contractor shdl provide a generdized report which includes weekly
daius of each subsysem in the observatory and ground system.
Anomalies of the previous week are described.

13.2.1.2.2 Monthly Observatory Reports.

The contractor shdl provide adetailed, monthly subsysem by subsystem
report addressng the continuing performance of the observatory. The
contractor shdl include a description of dl open anomdies and a
historical record of dl anomdies shal be attached.
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13.2.2 Documentation
The contractor shdl provide the following Mission Operations documentation:

13.2.2.1 FadlitiesPlan

The Facilities Plan shdl describe the dedgn, layout, implementation, and
testing of the physica space of the MOC. See CDRL 0O13-9 for data
requirements.

13.2.2.2 Operations Procedures

The contractor shal provide Operations Procedures which include the
configured set of procedures used to accomplish dl activities with the MOC
including both spacecraft and ground procedures for nomind and contingency
operations. See CDRL —013-10 for data requirements.

13.2.2.3 Security Plans

The contractor shal provide Security Plans which include al documentation
required to assure compliance with NPG 2810.1, the Risk Assessment Plan,
Risk Management Plan, and the IT Security Plan.

13.2.2.4 Sdfing Profile
This document shdl show the time evolution of daffing requirements from
pre-launch to de-orhit.

13.2.3 Work to be performed
Operating the GLAST shdl indude dl of the following:
13.2.3.1  Scheduling upcoming Ground Station and TDRS support
13.2.3.2 Commanding the observatory.
13.2.3.3 Monitoring the red time housekeeping telemetry data.
13.2.34 Recaving playbacks of high rate tdemetry data from the Ground
Station or TDRS
13.2.3.5 Sending level 0 processed science data to the SSC, the LAT 10C
and the GBM 10C.
13.2.3.6 Peaforming off line andyss on the housekeeping data to determine
trends in the observatory’ s performance.
13.2.3.7  Up-linking weekly stored command loads
13.2.3.8 Managing changesto observatory flight software.
13.2.3.9 Managing changes to the observatory databases.
13.2.3.10 Managing burst derts.
13.2.3.11 Target of Opportunity
13.2.3.12 Archiving housekesping data
13.2.3.13 In case of any obsarvatory anomdy or emergency, the daff shdl
ensure that the spacecraft is brought back to operationd functiondlity.
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Title: CDRL No.: Option 13-1
Mission Operations Center Ground System — System Concept
Review Data Package

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:
The SCR is held to assure that the objectives and requirements of the ground system being designed

are understood and that the proposed approach will meet these requirements. The emphasis should
be on the requirements, how they flow down, the proposed design concept and the definition of the
major system interfaces. Detailed interfaces are part of later reviews.

The output of the SCR is a basdline design subject to the closure of any action items resulting from
the review.

Related Documents:

Preparation Information
The SCR data package shdl contain the following minimum materia:
1. Mission Objectives
2. Mission Operations Concept
3. Instrument Requirements
4. Congtraints
5. Technical and Performance Requirements
6. Organizational Interfaces
7. Technical Interfaces
8. System Drivers
9. Security Considerations
10. Risk Areas
11. Proposed Design Approach
11.1 System Design
11.2 Networks
11.3 Fecilities
11.4 Hardware
11.5 Software
12. Specidized Ground Support Equipment
13. Test Program
14. Operations and Maintenance

Special Preparation Instructions
This CDRL isonly required in accordance with Option 13 and is not part of the basdline contract.
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Title: CDRL No.: Option 13-2
Mission Operations Center Ground System — Preliminary Design
Review Data Package

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:
The PDR is the first mgjor review of the detailed design and is only held after the design is

sufficiently advanced to alow discusson of such details. Complete detailed designs are not
expected, but system engineering, resource alocations, and design analyses are required to
demonstrate compliance to the requirements. A presentation of the design and interfaces by means
of block diagrams, signa flow diagrams, schematics, logic diagrams, link margin anayses,
configuration layouts, and any early results are required.  Supporting data and analyses should be
provided. Software requirements, design, structure, logic flow diagrams, processor loading, design
language and developments systems need to be specified. Robustness of the design needs to be
shown.

The PDR review process is intended to serve as an interim step in the design process where the
government and the contractor agree that the design is proceeding as planned.

Related Documents:

Preparation Information
The PDR data package shdl contain the following minimum material:

1. Instrument and Communications Objectives

2. Mission Operations Concept

3. Closure of Actions from prior reviews

4. Performance Requirements

5. Data Rates and Data Processing Requirements
6. Telemetry and Command Processing Requirements
7. Interface Requirements

8. Software Requirements and Design

9. Speciaized Ground Equipment Interfaces

10. Mission and FHight Operations

11. Requirements Trace-ability Matrix

Special Preparation Instructions
This CDRL isonly required in accordance with Option 13 and is not part of the baseline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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433-SOW-0002

Title: CDRL No.: Option 13-3
Mission Operations Center Ground System — Critical Design
Review Data Package

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:
The CDR is held near the end of the design stage of development. The CDR presents afinal,

detailed design, using substantialy completed drawings, to show the design will meet the fina
performance and interface specifications and the required design objectives. The CDR should
represent a complete and comprehensive presentation of the entire design. It should include al
changes to the design presented at the PDR. Fina software requirements and updated system
performance estimates should also be presented. Calculated System Reliability and results of
FMEA and FTA anayses are to be presented. The CDR should include al the items from the PDR
in addition to those listed below.

Completion of the CDR and resolution of al action items generated by it congtitutes the
baseline design of the Ground System. Forma Configuration Control shall begin no later than the
date of the CDR.

Related Documents:

Preparation I nformation
The CDR data package shall contain the following minimum material:

Instrument and Communications Objectives
Closure of Actions from prior reviews
Performance Requirements

Data Rates and Data Processing Requirements
Telemetry and Command Processing Requirements
Interface Requirements

Software Requirements and Design
. Specialized Ground Equipment Interfaces
Mission and Hight Operations
0. Reguirements Trace-ability Matrix
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Special Preparation Instructions
This CDRL isonly required in accordance with Option 13 and is not part of the baseline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

Original 52 August 30, 2002




433-SOW-0002

Title: CDRL No.: Option 13-4
Mission Operations Center Ground System — Mission Operations
Review Data Package

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:
The MOR isthefirst of two reviews held which concentrate on the ground system and flight

preparations. All mission-oriented operations will be addressed. The overal design and status of
the ground system is reviewed to assured observatory data, operations, and analysis requirements
will be met by the proposed approach. The operational interfaces will be reviewed with respect to
proper system engineering of operational trade-offs, signa link margins, constraints and modes
including safe modes. Mission integration of pre-launch planning including all planned tests

between the flight and ground system will be addressed. The relationship between planned ground
system software releases/capabilities and planned tests with the flight segment will be included. The
plans and status of the flight operations and science operations preparations will be presented.

The MOR should occur prior to significant integration and test of the flight and ground
systems.

Related Documents:

Prepar ation | nfor mation
The MOR data package shall contain the following minimum materia:

. Instrument and Communications Objectives
. Overal Schedule and Status.
. Closure of Actions from prior reviews
. Performance Requirements
. Mission, Instrument, Communications, Flight Software, and Ground System Overviews
. Flight Software Maintenance
. Flight Operations Team build up and Training Plans
. Pre-launch Test Plans
8.1 RF Compatibility Tests
8.2 Ground System Compatibility Tests
8.3 End-to-End System Tests
8.4 Exercises, Smulations, and Rehearsals
9. Launch and Early Orhit Activities
10. Check-out Overview
11. Database and Procedure Development
12. Mission and Flight Operations Constraints
13. Mission Planning and Scheduling
14. Contingency Operations
15. Trending Requirements
16. Science Operations Planning, Processing and Anaysis
17. Issues and Concerns
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Special Preparation Instructions
This CDRL is only required in accordance with Option 13 and is not part of the baseline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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433-SOW-0002

Title: CDRL No.: Option 13-5
Mission Operations Center Ground System — Flight Operations
Review Data Package

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:
The FOR is held near the completion of pre-launch testing between the observatory and

ground system. The plansfor final end-to-end system testing will be reviewed. The results of
previous tests will beincluded. The fina launch, checkout and orbital operations plans will be
presented.

Related Documents:

Preparation | nformation
The FOR data package shall contain the following minimum materid:

1. Closure of Actions from the MOR

2. New requirements and changes to plans.

3. Tedt result summaries including criticality assessment of open problems
4. Work remaining

5. Personnel deployment for launch and check-out

6. Contingency procedure development and vaidation status.

Special Preparation Instructions
This CDRL isonly required in accordance with Option 13 and is not part of the basdline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

Original 54 August 30, 2002




433-SOW-0002

Title: MOC Ground System Operations Manual CDRL No.: Option 13-6

Reference:
Mission Operations Concept Document
Mission Systems Specification

Purpose:
The MOC Ground System Operations Manual describes how to perform all operations that

can be executed by the ground system.

Related Documents:

Preparation Information
The Ground System Operations Manua will contain the following minimum material:

1. System and Operations Overview
2. Operationa Environment

3. Configuration Control

4. Nomina Operations

5. Contingency Operations

6. Maintenance Operations

Special Preparation Instructions
This CDRL isonly required in accordance with Option 13 and is not part of the baseline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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433-SOW-0002

Title: CDRL No.: Option 13-7
MOC Ground System Test Plan

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:

Related Documents:

Prepar ation | nfor mation
The Ground System Test Plan shdl contain the following minimum material:

1. Test methodology

2. Test resources

3. Test procedure and data management
4. Test discrepancy management

5. Test verification tracking

6. Test Documentation

Special Preparation Instructions
This CDRL is only required in accordance with Option 13 and is not part of the baseline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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433-SOW-0002

Title: MOC Ground System Procedures | CDRL No.: Option 13-8

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:
The Ground System Procedures describe al activities that are required to interact with the

ground system to use and maintain it.

Related Documents:

Preparation | nfor mation
The Ground System Procedures shdl contain the following minimum materia:

1. Software system overview

2. Software and database organization and structure
3. Detailed software process description

4. Software maintenance resource requirements

5. Software maintenance procedures

6. Ground system configuration process

7. Hardware system overview

8. Detailed vendor and custom equipment description
9. Hardware layout

10. Hardware corrective maintenance procedures
11. Hardware preventive maintenance procedures
12. Software and hardware configuration management procedures

Special Preparation I nstructions
This CDRL is only required in accordance with Option 13 and is not part of the basdline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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433-SOW-0002

Title: MOC Facilities Plan | CDRL No.: Option 13-9

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:
The facilities plan describes the all aspects of the physical characteristics of the MOC

including power redundancy, security and interface communications

Related Documents:

Prepar ation | nfor mation
The Facilities Plan shal contain the following minimum material:

1. AreaLayout

2. Equipment List

3. Equipment and Cabling configuration

4. Ingallation schedule

5. Installation Procedures and Constraints

6. Power and Environmenta requirements and conditions

7. Facility Access and Security

8. Assumptions regarding expected/needed government provided equipment

Special Preparation Instructions
This CDRL isonly required in accordance with Option 13 and is not part of the baseline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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433-SOW-0002

Title: Mission Operation Procedures | CDRL No.: Option 13-10

Reference:
Mission Operations Concept Document
Mission Systems Specification

Pur pose:
The Mission Operations procedures represent the set of configuration controlled procedures

for both the ground system and the observatory that are used in daily, routine, norma, or
contingency situations.

Related Documents:

Preparation Information
The Mission Operations shdl contain the following minimum materid:

1. Manua procedures to perform all automatic functions

2. All Observatory Command procedures

3. All Ground System procedures

4. All Contingency Procedures

5. All procedures used to communicate with, interface to, and verify elements external to the MOC.

Special Preparation Instructions
This CDRL is only required in accordance with Option 13 and is not part of the baseline contract.

CHECK THE GLAST PROJECT WEBSITE AT
http://glast.gsfc.nasa.gov/project/cm/medl TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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